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PREFACE. 



When a person writes anything in the shape of a book for publica- 
tion, he is expected to give a reason why he writes it, and for what 
purpose. In order to satisfy this expectationi I hare to inform the 
reader that, although cheap elementary and popular treatises on 
almost every subject relating to mechanical, manual, or practical 
industry can be obtained in a condensed form, and at small cost, one 
looks in vain for a sound, practical, elementary, and popular work 
on the induced Magnetism of Ships, and the influence it exerts on 
the Mariner's Compass. 

A work of this kind, if written in language familiar to seamen, and 
yet sufficiently comprehensive in detful, would necessarily tend to 
expand the mind of a young navigator. Parliamentary ^quiries 
have shewn, that in every week there are at least ten British mer- 
chant ships wrecked, stranded, or seriously damaged; and ships 
are constantly running in one direction on a compaas course^ whilst 
tlie persons in charge finnly believe they are going in another. 
Ships sfiape compass courses towards rocks and shoals, by orders 
from the navigators, who think they are perfectly safe in shaping 
such courses. It is in this way that much property and many uvea 
are lost, and no small amount of professional reputation called in 
question. The writer, therefore, thinks that, if more were known 
about the Magnetism of Ships and the Mariner's Compass, fewer 
misfortunes would befall the shipping of this and of other countries. 

Being sensitively alive to nautical matters, and impressed with an 
opinion that sufficient skiU and precaution were not employed at 
sea, he wrote, some ten or twelve years ago, several artides on these 
subjects for the periodicals of the day ; such as the Naval and 
Military Qcaxtte, the Shippiruj QoMitie, and Nautical Magazine ; and 
some of his remarks have been quoted, or have found places in 
works of a more permanent character. 

Having acquired much personal experience at sea, as a navigator, 
in the mercantile marine, as a master in tije Boyal Navy, as an 
officer in the Koyal Dockyards, — having had the superintendence of 
all kinds of ships and compasses in the Boyol Navy, and in swinging 
them for compass deviations, — it was considered, that by bringing 
together some of his previously published remarks, notes, hints, and 
practical experiments, to form a small volume, might j^rove of 
some practical utility to young seamen aspiring to xise u their 
prof<9fBion« 



B, very limited 

peisuns irum lub mimuiB warn of life, who have been sent to aea Ht 
a Ter7 parlj age, in order to be innred to a life of danger, t^i), and 
priviUon. The young sailor liaa a va^t amonnt of knowledge to ac- 
quire before he can be jnatly entitled to the designatioa and rating 
of A.B. or able seamen. An eAle seamen, properly ao called, has all 
his practical datiea at bia fiiq^era' endg, and inowa eiactly what to 
do. and batv to do it ; bn( hia limited aiuouat of e<!ui:iilioTi disqualifies 
him for ^aphicnlly describing the principles of hiE (irt to anotber. 
HoHever gifted he may lie ia (he »r:tnal practicE of bU tilling, or in 
the intuitive performance of aeamanahip, iie t'nnnut oiiuimanicate. itt 
writing, to othera the knowledge vhicli ho acquired bj experience 
alone. Hence it hai reatilteil, that almost all oar practical and 
Bcientiflc works, oo Navigation and the Manngenientof Ships, have 
betn prodnced, compiled, or methodieally arranged, by landsmeni 
who, however gifted in other respects, wonld bs found aofit to put 
into practice at sea the principles and precepts Ihoy ondertake to 
propound in books. 

The yonog aailor'a earliest years are passed in wntcbing or work- 
ing on deck or aloft by day. and bi making and shcrfening sail or 
looking ont at night. The place npproprial«d for his relaxation or 
repose, in the foreoBBUa of a merchant ship, is often dark, ill-venti- 
lated, and nnsnitable for a place of study or menliil impmyement, A 

amoont of edncation which every pcraon ahonld poa)^e59 who may he 
entmaled with even the charge of a watch in a ship at sea; and yet 
it is to these boys that we mnrt necessarily look for all the officers 
of our eitensive and valuable mercantile mailoe. 

Iron now enters largely into the formation of a ship's hnl], rig- 
ging, or cargo. The compass, often the helmsman's uiil^ guide, can 
eeldom be placed beyond the infiaence of the indiiciid magnetic 

Coast navigation, in dark nighta, or in foggy weather, has become 
more haEardons. Sensible of theae facta, tbo Lordb Cciomiasianers 

for navigation at the Eoyal Mavol College, shall posaeis a certain 
smoont of knowledge relative to a ship's local attraction. 

The Board of Trade, under authority of the Mercantile Marine 
Act, inaerla, in the eiamination sheete for mmtters and laates in the 
:crlBin nnntical problems for cnndirlnlea to solve; 
" ■' ' ' ■ ' and, and to 

o _. an 01 ine comnasa. ana the method 

[mining and correcting it 
ion, rather than examina 
How can it he otherwise, when not one in twenty of those who 
undertake to teach navigation know anything more of the action of 
iron on a ship's compass, than that it id l^hle to attract and derange 
tiie ftee acUon of the needle ? 
'Havl^iln is noW taught in an instmeUTe and efficient mnnnerby 
»We teacbei'B, ia the iMn(ii»l bruDcli at the Upper Sdmol, in the 



grntined by finding that the; ore now regularly Uaght tl 
principles of a abip's attraction on Its compuB under different cos- 
ditiona, — priaclplea viiich a fvw jears ago I TflQtared to labmlt to 
the Admiralty and Compaaa CommitteB, and nblcb.at that time were 
deemed ratbar viiioaary, or of email practical importanca, Theis 
principkB are, however, now regarded by government aa a nBooasary 
part of a navigaior'a edneatiou, and he la legally reqoiied to obtain 
tbii knowledge wheie be beat can Bod it. 

" ' ~D why thia nnpietending volnme waa pat t«- 



sether — for what parpoae it ma intoaded— uiat a neceaaitj eilsta' 
fbr an elementair treatUe of tlfe kind, in order that aeaniBii might 
better nnderetand the BUbjeot,— it i» now aet.adrin, lo he picked np 
b; aach pergona at ma; reqnire praotical infonaation oa tlie Uag- 
setiim of Shipa, and the Mariner's CompaBa. 

W.W. 
Plymouth, June, 186S. 



FBEFACE TO TES SECOND EDITIOH. 

The firat Edition bsiog out of print, ac il n aGaccd bfing called 
for, the author liaa leviaed and condenaeJ )tie book, and has ex- 

Junged lome pasaagea, in order that tbia Kditiun may be aold /or 
■It tlum one-third of the price of the firit lidiiiua ! I Iron shipa, 
U'n or iron ahipe of war. 
s, bare made navigation 
more difficolt under compaas si>id">i^B. Xba preaent Edition la 
therefoie a work of neeeailty. 

PlyiWMlh, 1866. 
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THE MABINEB'S COMPASS. 
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§ 1. If onr knowledge of the properties of the loadatone had still 
been confined to its power of attracting iron, we must have remained 
ignorant of the form and magnitude of the earth, of its proportions 
of land and water, and of the yarions races of men and other 
animals that inhabit it The mariner must still have continued to 
row or sail slowly along the land during fine weather, with a fair 
wind and a clear sky ; and if he ventured beyond the ordinary limits 
of his knowledge, it would behove him to look out for a place where 
he might ** beach his boat," or secure her in some sheltered creek, 
before darkness or foggy weuther should overtake him. But the 
magnetic properties of the loadstone were ordained for useful 
puTDoses ; for although the discoveries of these properties were 
made but slowly, and even yet remain covered, as it were, by a semi- 
transparent veil, their practical utility has been very great 

The introduction of the mariner's compass, even in its primitive 
and rude state, brought about a complete revolution in the theory 
and practice of naval architecture and seamanship. It extended our 
geographical knowledge, and opened a social and commercial 
intercourse between different nations of the earth. By it countries 
previously unknown to Europeans were discovered and colonized ; 
and the ends of the earth were actually joined together by circum- 
navigation. 

In February, 1817, the author was appointed to command H.M. 
Store Ship Deapatch, to be employed in the conveyance of naval 
timber from a forest on the south-east coast of Africa, to the Dock- 
yard at Simon's Town, Cape of Good Hope. In this vessel he made 
fourteen trips round Cape Aguilhas,* a name, by-the-by, given to 
this Cape by the Portugese, on account of tiie magnetic derange- 
ment c^ their compass needles in its locality when Yasco de Oama 
Milod roimd it. 

•( jkfnilluu*' in POft»gtLn« tigoi&ek SttOiLtk. 
B 
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The Despatch had about 40 tons of cast iron ballast, chain cables, 
two guns, and wrought-iron diagonal riders in her hold. In coasting 
along in an east and west direction, the vessel was constantly 
getting to the northward of her reckoning, or farther to the north- 
ward than she should get. On applying a pocket compass to the 
spindle of the capstan or other article of iron, it was evident the 
local magnetism of the vessel had changed since she left our 
northern latitude. On returning to England, the ship was again 
found to deviate firom her reckoning in a southerly direction, and not 
in a noriherlyy as was found to be the case at the Cape of Good 
Hope. 

In the meantime iron tanks were introduced, chain cables and iron 
knees, and a Mr. Bill took out a patent for iron bowsprits and lower 
masts for men-of-war. The Lords Commissioners of the Admiralty 
ordered H.M.S. PhcBton to be supplied with an iron bowsprit and a 
mainmast on Mr. Bill's plan. I wrote a letter to Admiral Sir Byam 
Martin, tiien Comptroller of the Navy, stating the result of my 
experiments on the magnetism of ships; and I gave an opinion 
that the heels of iron lower-masts and bowsprits would repel the 
north point of the compass needle, and I recommended that the 
effect should be observed in the Phaton, I received the following 
reply to my communication : — 

" Buckland, Ashburton, October, 19th, 1822. 

" Sir, — I am much obliged to you for the judicious observations contained 
in your letter of the 4th instant, in reference to the effect of iron roasts on 
the compass ; and you may be assured that a matter of so much moment 
will be carefully watched. 

" 1 am. Sir, 

" Your very humble Servant, 
" Mr. W. Walker." " T. B. Martin." 

It appears, by an able article in the first volume of Papers 07i 
leaved Architecture^ p. 100,* that AdmireJ Martin requested Pro- 
fessor Barlow to report upon the effect that iron masts would pro- 
duce on the PhcBtorCs compasses ; that on swinging the ship her 
greatest deviation did not exceed 1° 40' — an error unusually small 
in a frigate of her class ; that the heel of the iron mainmast repelled 
the north point of the compass needle nearly as much as the whole 
of the guns, tanks, iron ballast, and shot of the vessel attracted the 
north point ; and that when the iron mast was ultimately taken out 
and laid upon the ground in Portsmouth Dock-yard, its head and 
heel retained a portion of the magnetic polarity it had acquired in 
its vertical position when " stepped " in the ship. The statements 
I had made to Sir T. B. Martin, in my letter of the 4th October, 
1822, had consequently been verified. 

The mariner's compass is held in veneration by a thorough 
sailor. In a dark and cloudy night, or during a thick fog, he steals 
softly aft under pretence of putting somethmg to rights ; but his 
object is to take a glance at the compass to see how the ship's " head 

* ObserTAtions on tbe effect produced by Iron Hosts, tec on the Cr.mpass ITeedle} with an 
Aeeoont of an Experiment made to ascertain the Local Attraction of H.M.S. Phaeton (Capt^ 

J^fUft;, Mttti witb ta inm Afouun»»t bdA 8ov»prttf 9j Jlr» J. Sfwett, 17iT»l Mswtvh 



lies.'* Seamen know but little of the doctrines of magnetiBm, bnt 
they know ftdl well that ihe compass is their only guide at sea, and 
that by it the ship's coarse is shaped. If a sailor discover an iron 
nail, or a marline spike, left by some " lubber" near the binnacle, 
he BlUy consigns it to " Davy Jones' locker,"* without any qualms 
of conscience, for he knows intuitively t<hat iron has no business 
there. 

To those seamen who are navigators, it is considered that a brief 
essay on the mariner's compass will not only be amusing, but really 
useful in their profession. It is my opinion, as an experienced sea- 
man, that if more were known by navigators of practical magnetism, 
(as for example, how the stowage of a ship's cargo, or the arrange- 
ment of the iron within a ship, might affect her compass,) fetoer 
ships would be lost ; for fJl those ships that actually run on shore 
fffitn a fair windy when steering a compass course intended to lead 
them clear of all danger, are without doubt torecked through want 
of sldll in the navigator and a knowledge of his compass deviation. 

It is, therefore, my intention to present the reader with a con- 
densed account of the mariner's compass, and of the very slow 
progress that practical magnetism has made ; and how this know- 
ledge has been applied to purposes on land, as well as at sea. I 
shall give a short notice of the theoretical views that have been, 
from time to time, entertained by philosophers of magnetism ; and 
shall conclude by shewing the practiml application of what is really 
known of the principles of local attraction, and in what way a ship's 
reckoning is liable to be influenced by the local magnetism of a ship 
and her contents. 

§ 2. Although the Greeks, Egyptians, Phoenicians, Carthagenians, 
and Bomans, had ships fitted for coast navigation, and generally 
capable of entering shallow waters, or of being hauled on shore, they 
have left us no historical record of anything like a compass being 
used in their vessels. They knew so very nttle of the magnet and 
its properties, that their priests had not attempted to impose the 
mysteries of magnetism on the credulity of the people. AH they 
knew of the magnet was, that iron was attracted by it. From the 
days of Homer to the time of the Crusades, in the 12th century, 
there are good groxmds for believing that the magnet was not in any 
way applied to purposes of navigation in £urope. 

The Chinese are, without doubt, a very ancient people; and 
although I am not disposed to believe all that has been translated 
to us f^om their historv, yet a good deal of the Chinese history has 
been connected with the history of the Heavens; and, therefore, 
verified to a certain extent. The Keverend Pere Gaubil examined 
the records of thirty-six eclipses of the sun in the Chinese history, 
and found only two doubtful and two false. The author of the 
Biatoire VhiverseUey in speaking of China, says, " La F^nssole ainsi 
que la Poudre k tirer etoit pour eux nne simple curiosic ' And in 
another place, " La Boussole, qu'ils connoissoient, ne ser\ oit pas i 
ton veritable usage de guiderla route des Yaisseauz; ilsne navi< 

t That toy be thnmt i^ VfU'^QUdi^ 
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goient que pr^s des cotes." We are informed by Du Halde, wlio wad 
a missionary in China, and who wrote a history of China from data 
be procured from Chinese books, that about the year 2634 b.o. the 
Emperor Hoang-ti, being at war, an instrument was invented, which, 
being placed in a car^ pointed to the aouthj and enabled the imperial 
army to direct its mai^, and surprise the enemy during a thick fog. 
If tibds statement be correct, it affords evidence of the Chinese 
making use of the directive power of the magnet 4497 years ago. 
The same author informs us, that 2893 years ago an embassy reached 
China from Cochin ; that the ambassadors had experienced great 
difficulty in findmg their way to the imperial court ; but on taking 
their final audience, Du Halde says, " Tcheou-kong gave them an 
instrument, of which one end pointed to the north and the other to 
the 8outhj that they might find their way home with less embarrass- 
ment than they had experienced in their route to his dominions. 
The instrument was then called Tchi-nan, and this is the name 
which the Chinese now give to the mariner's compass." 

§ 8. In a Chinese Dictionary, compiled about the end of the fourth 
century, there is the following passage : " They had then ships 
which directed their course to the south by the magnetized needle."* 
" The fortune-teUers rub the point of a needle with the stone of love, 
for rendering it proper to indicate the south." These extracte shew 
that the Chinese made use of magnetism for land and sea voyages, 
at a very early period of their history. The old Venetian traveller, 
Marco Polo, whilst in the service of Koublia Khan, obtained the 
command of a Chinese fleet of fourteen ships, each ship having 
four masts and nine seals. This fleet was prepared to convey a 
Chinese Princess to the Persian Gulf; it sailed from the river of 
Pekin early in the year 1291, and was eighteen months in making a 
passage to the Persian Gulf. Some of these junks had crews of 250 
men. This expedition is mentioned, in order to shew that, in 
former times, tlie Chinese xmdertook longer sea voyages than ^ey 
now undertake. It is extremely probable that the compass was in 
common use in the fleet referred to, although no mention is made of 
it in Marco Polo's Narrative. 

The compass of the modem Chinese is probably nearly similar to 
those used two thousand years ago. One in the writer's possession 
may be thus described : A very small steel bar, about an inch in 
length and of the diameter of a sewing-needle, poised with great 
correctness, and strapped to the top of a small copper hemispherical 
onp, which serves as a socket to receive the point of a vertical steel 
pivot, (the point of a small needle,) rising from the centre of a cir- 
cular hole in the wooden compass-box. The bottom of this circular 
hole is covered with a thin film of silver or zinc, upon which a 
meridian line is drawn as a diameter. There is a round hole in the 
centre of the metallic circle, large enough to allow the needle to 
traverse fireely above it, but small enough to prevent the lower part 
of the copper hemispherical cup from rising above the pivot of ttup- 
port, 80 as to endanger the " unsbipping of the needle." The circu- 

' The CM eout of CSiJiu generally ruiu In a north and south direction, and the moniooni 
J^fM m tli0 C9MU 2V)f iVHtb. «q4 9ir • Cbuww waiyui x^««4U U feosraliy colonrtd raO, 
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Ui hole and needle are covered "by glass, held in its plaee lo^ a cir«riip 
lar wooden ring. The south end of the needle is coloured red. The 
compass-box is of boxwood, four inches in diameter and three- 
quarters of an inch in depth ; on its upper surface are drawn sevea 
concentric circles, that nearest to the needle is -divided into eight 
equal parts ; circles Nos. 2, 8, and '4 have each 24 divisions, No. 5 
has 72 equal parts, circle No. 6 appears to have 48 divisions, and the 
outer one is divided into 72 equal parts, the whole are inscribed 
with Chinese characters, in black or red ink. The machine is Var- 
nished and neatly finished. It is used in China by land and wa 
voyagers, by surveyors, architects, jugglers, &c. 

Now, a compass of this kind is by no means convenient to steer 
by; because, if such a compass be placed in a binnacle, with its 
meridian line or one of its symbolical characters towards the ship's 
head, then all the other points or characters being painted on the hox 
would necessarily remain in a constant position with reference to the 
ship's course ; in fact, the point or character might with equal pro- 
priety be drawn upon the ship's deck, as upon a box fixed in the 
binnacle. It would be impossible for a European helmsman to steer 
a ship by a Chinese compass. 

§ 4. The introduction of the mariner's compass into Europe was 
probably due to the Arabs, during the Holy Wars of the Crusaders 
on the eastern shores of the Mediterranean. The Italians, French, 
Norwegians, and even the English, have endeavoured to claim this 
most useful instrument as an invention of their own ; but it appears 
to me, that such claims cannot be sustained. The earliest mention 
made of the compass in Europe is to be found in some old poetry, 
written by a certain Guyot de Provins, about the end of the 12th 
century, and preserved in M. S. in the Royal Library of France. 
Cardinal de Titri, a native of France, who had been engaged in the 
Crusades, and was appointed Bishop of Jerusalem, wrote an 
Oriental history, wherein he described the compass as being in 
familiar use among the SaracenSf on the coast of Syria, although a 
novelty to himself.* 

There is, in the Eoyal Library of Paris, an Arabian M.S., written 
in 1242, by Bailac Kibdjaki, wherein the sea compass of this early 
period is described.^ " We have to notice amongst the properties 
of the magnet, that the captains who navigate the Syrian seas, when 
the night is so dark as to conceal from view the stars which might 
direct their course, according to the position of the four cardinal 
points, take a basin full of water, which they shelter firom the wind 
by placing it in the middle of the vessel ; they then drive a needle 
into a wooden peg, or a com stalk, so as to form the shape of a cross, 
and throw it into the basin of water prepared for the purpose, on 
the surface of which it floats. They afterwards take a Joaastone of 
sufficient size to fill the palm of the hand, or even smaller, bring it 
to the surface of the water, give to their hands a rotary motion, 
towards the right, so that the needle turns on the water's surface ; 

* British Annual, 1837 
t X«tteri of H> Hambolt, translated h^ Kla^Ux, 
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fhey next snddenly and quickly withdraw their hands, when the two 
points of the neecUe face the north and south. They have given me 
ocnlar demonstration of this process during onr sea voyage from 
Syria to Alexandria, in the year 640 (or a.d. 1242)." 

Here then, we Ittve a clear description of the primative European 
compass, and how magnetism was communicated to the needle, 
stuck into a reed of straw, and made to float in a bowl of water. In 
those times, the Saracens had possession of the sea coasts ; but still 
the mariners of Syria and Egypt, had to manage their navigation 
under the government of their Mahomedan conquerors. Their 
manner of communicating magnetism to a needle made to float on 
water, ** so as to form the shape of a cross," as described by the 
Arab in the above quotation, is worthy of notice. There is magic as 
well as superstition in it. 

During a period of 200 years (from 1100 to 1800), the western 
world was convulsed with wars of no ordinary kind. From the &r- 
thest limits of tiie east, the Turks and Tartars had extended their 
conquests towards the west, overturned all the old governments and 
civil institutions ; and whilst the infidels were propagating their 
religious opinions by the sword, the Pope had established the 
Inquisition. Under such circumstances, need we be surprised, that 
arts declined, said science slumbered, and that we hear little or 
nothing of a machine which, however rude or mysterious, was in use 
for directing the coarse of ships ? 

In consequence of the vast number of Crusaders that precipitated 
themselves on Palestine, all the maritime ports of any note engaged 
their vessels, either as transports for the pilgrims and the troops ; 
or else their ships were employed as tiaders, to supply the armies 
with provisions and stores. The Venetians, Genoese, and the people 
of Amalphi, rose in wealth and power, by their profitable employ- 
ment during the wars between their Christian brethren and the 
Mahomedans of Western Asia. A bitter hatred, heightened by 
religious fanaticism, was kept up between them; and, generally 
speaking, it would have been unsafe for a Christian sailor to adopt 
and openly use a Saracen compass. 

§ 6. The Holy Wars, or Crusades, terminated about the year 1291, 
leaving the mercantile navies of the Mediterranean to follow their 
commercial occupation. About the year 1302, one Flavious Giogo, 
a native of Amalphi, is said to have mvented the mariner's compass. 
" Seven miles to the west of Salerno, and thirty to the soutii of 
Naples, the obscure town of Amalphi displayed the power and re- 
wards of industry. The land, however fertile, was of narrow ex- 
tent ; but the sea was accessible and open. The inhabitants first 
assumed the office of supplying the Western world with the manu- 
factures and productions of the East, and this useful traffic was 
the source of their opulence and freedom. The government was 
popular under the administration of a Duke, and the supremacy 
of the Greek Emperor. Fifty thousand citizens were numbered 
within tiie walls of Amalphi ; nor was any city more abundantiy 
provided with gold, silver, and the objects of precious luxury. 
ilte maimers who swwnned in her port excelled in the theory and 
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practice of navigation and astronomy, and the discovery of the 
compass, which has opened the globe, is due to their ingennitr or 
good fortune. Their trade was extended to the coasts, or at least 
to the commodities of Africa, Arabia, and India."* 

Here we have a free, rich, and enterprising mercantile and 
maritime people (and without an Inquisition), who, if they did not 
actually invent, were likely to greatly improve the compass, upon 
which the prosperity of their little territory so mainly depended. 
We have seen that the ancient compass of the Chinese, and that 
used by the Saracens, was altogether unfit for general purposes at 
sea. Any intelligent, shrewd captain, unshackled by authority, and 
not having the terrors of ** the Holy Of&ce" before his eyes, would 
soon hit upon a method to improve the compass. The man of 
Amalphi no doubt did improve the mariner's compass, by simply 
introducing a needle large enough to carry a card having the 
cardinal and other points painted on it. Such a compass would 
differ from the more ancient one in this all-important property, of 
indicating at once the direction of the ship's keel, and the bearing of 
all external objects. 

§ 6. The compass of China, as has already been seen (§ 8), had its 
points painted on the box, which would turn along with the ship ; 
the little magnetic needle being the only part about it that preserved 
its position, with reference to external objects in the heavens pr on 
the ocean ; but a compass such as we now use, or such as I believe 
was introduced by the Amalphian captain, having a card of the car- 
dinal and intermediate points, borne up and traversing on a pivot, 
but held in a permanent position by the directive force of the magnetio 
needle to which the card was attached, would form an instrument of 
superior practical utility. The ship, compass-box, pivot, and every 
part of the apparatus is moveable under the needle and its attached 
card, which card remains in a constant position with reference to the 
magnetic meridian. So great and yet so trifling an improvement 
would secure to Flavio Giogo the honour due to original genius. 
The practical utility of such an instrument would force itself upon 
the public, and the successful application would soon secure its 
adoption by practical navigators, although many of the old super- 
stitious coasters might continue to doubt its directive powers, and 
fear to speculate on magnetic doctrines, or even venture to use the 
new instrument, without free permission from the directors of their 
consciences. 

From this time ships began to be unproved in form emd magni- 
tude ; the oar was laid aside for the saU ; vessels were no longer fit 
for being beached ; they required to carry provisions and water for 
longer passages; instead of coasting along shore, they shaped a 
direct course; sea charts. had to be drawn; navigation began to 
assume something like a scientific appearance ; and people became 
better acquainted with each other, and ascertained what they might 
advantageously exchange. A competition in maritime adventure 
arose in Europe, greatly to the advancement of geographical and 
hydrographical knowledge. We have already noticed, that from 

* DeeUne and &U of tbe Boman Smjire, toU Iti i^, 7S« 
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tiie time of Homer to the end of the 13th centaxy, diseovedeB had 
been few and far between ; but when the magnetic needle had been 
go fiur improved and fitted to a compass that could be safely used at 
sea, we find Europeans making most rapid advanceB in all the 
sciences. AdTenturers, instead of confining tiiemselves to the 
shores of the then known world, advanced -without fear into unex- 
plored seas, in search of new countries. 

In 1378, the Venetians discovered Greenland. The Normans dis- 
covered the Canary Islands in 1405. The Portuguese discovered tibe 
Madeiras in 1420, and they sailed to the Coast of Guinea in 1482. 
In the year 1489, the brother of Columbus brought maps and sea- 
charts to England ; and in the year 1492 Columbus himself dis- 
covered America; and five years afterwards, Vasco de Gama, a 
Portuguese, sailed round the Cape of Good Hope, and entered the 
Ijidian Ocean. Here the Portuguese found a great number of ships, 
a wdl regulated trade on the coast of Arabia, Africa, and Lidia, as 
well as within the Red Sea and Persian Gulf. 

§ 7. When Vasco de Gama reached Melinda, he applied to the 
King for a pilot to conduct him to Calicut, on the coast of Midabar. 
He obtained as a pilot a native of Guzerat, and the Portuguese 
shewed this man an astrolabe,* but he paid small attention to it. 
They were greatly surprised to find this pilot well skilled in the use 
of the compass, the quadrant, and geographical charts ; but tiie 
compasses in use in the Indian seas were found to be inferior to 
those in the Portuguese fleet. Hence we may infer, that the 
Indians, sailing with their periodical winds, had little need of great 
nicety in the construction of their compass. They were content 
with a very imperfect instrument, as the Chinese continue to be up 
to the present time; — the arts and sciences were probably on the 
decline; — whereas Providence had decreed, that the "barbarians" 
of Europe should emerge out of ignorance, explore the world and its 
wonders, shew its connections with the solar system, explain the 
phenomena of nature, and prove that the whole is ijie work of a 
bountiful Creator. 

During a period of 180 years that the mariner's compass had been 
in use among the Christians of the 14th and 16th centuries, its 
characteur had been slowly but surely established, notwithstanding 
the intolerant and superstitious spirit of the times. Every thing 
likely to expand the faculties of the human mind, or appearing 
above the comprehension of the vulgar, was represented as pro- 
fane or abominable, and dealt with accordingly. Men of superioif 
abilities in their pursuits, instead of being patronized, were either 
actually persecuted, or else met with no encouragement in advancmg 
llie progress of useful knowledge. It was dangerous for men to 
meddle with doctrines or opinions of any kind, not sanctioned, 
received, or approved by the clergy; and this intolerant spirit 
extended to a much later period than I refer to; as witness iiie 
persecution of poor Galileo, who was thrown into the dungeons of 
the Inquisition at Borne, in the year 1633, for having venturea to 
assert tnat the earth was round, and turned daily on its own axis ! 

» A rude ma^htaie to OMking GelMtial Obaenratioiu« 



It WM under snoh nnfaTonnible oircnmstanoes as these fhat 
maritime disoorery, and the art of naTigation and seamansh^ 
adTanced, goided by the oompass, and a few maps or diagrams of 
erroneous constmction. Experience had taaght seamen, that the 
compass was a faithftQ gnide, that its needle pointed towards the 
pole star, and that the card which the needle preserved or held in 
an apparently permanent position, pointed ont to them the coarse 
they onght to steer in retaining from their commerciali exploratory 
or predatonr expeditions. 

§ 8. Christopher Golombas sailed fh>m Spain,* in search of new 
regions, or in search of a new track to an old continent. Whilst 
sauing westward with the trade wind, on the 14th September, 1492, 
he discovered that the north point of the compass-needle no longer 
pointed towards the polar star. A deviation of this kind woald t&e 
place bat slowly, as the ships changed their geographical positions. 
The oscillations of the compass card on its pivot, whilst rnnning 
down the " trade," would in a great measure tend to disguise the 
variation ; the depression of the pole star in a more southerly lati« 
tnde, cloudy weaker, and other circumstances, might combine to 
prevent even a Columbus from observing the variation of the compass 
xmtil its amount would banish all doubt about it. This discovery so 
alarmed the ship's company that they mutinied, asserting and 
believing, that they would never be able to return to Spain, since the 
compass itself began to deceive them I Columbus had the address to 
calm their fears, and command their services. But mark what 
followed. On his return to Spain, his statement, that the compass 
had varied in its direction, was not believed. The opposition to his 
correct views, and the mortification and persecution this great man 
had experienced, must have taught him the propriety, or rather the 
^cpediencyj of being silent about magnetic variation, especially as his 
compasses had, in all probability, resumed their ut»u£u direction on 
the ship's return to Spain. Although other navigators had observed 
and announced the variations of their compasses, the learned of 
those times would not admit the fact ; they rather chose to charge 
seamen with ignorance, and inaccuracy in their observations, than 
admit errors in the principles established by themselves. 

§ 9. Pedro de Medina, of Yalladolid, in his Arte de Namgar^ 
published in 1545, denies the variations of the compass; but the 
concurring reports of commanders of ships on distant voyages 
obliged the landsmen, in their closets^ to give up the point. Martin 
Cortez, in a treatise on navigation, printed at Senile before 1556, 
treats it as a thing completely established."f So here we see that 
a period of at least sixty years had elapsed, from the time of 
Columbus's observing and reporting the variation of the compass, 
"before the truth of its existence was admitted. 

About the year 1580, one Robert Norman, an Englishman, and a 
maker of " dompasses for Mariners," found, that however nicely he 
balanced his needles before he magnetised tliem, he was always 

* See his history, and the difficulties he hsd to siirmount before he obtained the meant of 
undertaking his Tojage. 
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obliged to counterbalance that end whieli pointed to the north, hy a 
bit of wax, or other substance, in order to keep tbe card in a 
horizontal position. Mr. Norman suspended a steel needle on its 
centre of gravity, and having touched it with a magnet, it dipped or 

?ointed downwa^s, in the plane of the magnetic meridian, but about 
2 degrees below tiie horizontal plane. TMs property is called the 
** magnetic dip." Mr. Norman published his discovery: experi- 
ments were made in various parts of the world, and it was ascer- 
tained that the magnetic needle remains nearly horizontal within 
the tropics, but that it dips towards the poles in both hemispheres. 
This property of the magnetic " dip," began to shake the confidence 
of seamen in the stability of their compass : it furnished data for 
philosophical speculation. The magnetic dip did not appear to 
derange the horizontal direction of the magnetic needle, nor to 
influence the variation of the compass, and consequently a ship's 
dead reckoning. It will, however, be seen in the sequel, that the 
magnetic dip is a very important element in the theory as well as 
practice of navigation. 

§ 10. Observations began to be carefiilly made and recorded of 
the variations and dip of the needle. In the year IB 80, the vari- 
ation at London was 11 i° east, and in 1622, only Q^'^^ and in twelve 
years later, it had decreased two degrees. These facts were made 
known to mariners by the publication of **A Discourse Mathematical 
on the Variation of the Magnetic Needle ; by Mr. Henry Gillebrand 
Gresham, Professor of Astronomy." These announcements threw 
mariners into new perplexities ; for in those days there were no 
published tables of amplitudes, or modes by which seamen might 
compute the sxm's aximuih^ and thereby find the variation of the 
compass at sea. Since the year 1580 up to the present time, the 
variation has been observed to change about 36 degrees towards the 
west; that is to say, it has changed its direction one-tentii part of a 
complete circle in Great Britain.* 

Azimuth compasses were invented for finding the variation, and 
tables were computed emd published for facilitating calculations at 
sea. Variation charts were drawn, and sea charts had the variation 
of the compass inserted on them. But navigators had frequent 
occasion to observe, that their observations of the variation made at 
sea did not agree with previously recorded observations made by 
others in the same localities ; nor even did their own observations 
agree among themselves. The celebrated William Dampier, whose 
voyages and adventures gave an impulse to maritime enterprise, 
observed (Dampier noted everything worth notice,) discrepancies of 
this kind in his observations for tiie variation, making it either 
more or less than he knew it should be; and he says, " These things 
I confess, did puzzle me."f This was about the year 1680. About 
one hundred years later, and during the voyages of Capt. Cook, the 
same kind of magnetic disturbances were apparent in their obser- 
vations. Mr. Wales states, that " variations observed with the ship's 

* It appears from observatioas made and recorded in England, that the Tariation of the 
fiompata is decreaaing, and also the dip, ilnce 1S19. 
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head in different positions, and even in different parts of her, will 
materially differ from one another, and much more will obseryatlona 
obserred on board different ships." 

§ 11. The observations made daring Cook's voyages wonld neoes- 
sanly command attention, and excite observation, ut the year 1790, 
Mr. Downie, a master in the royal navy, when serving in H. M. 8. 
Qlortft remarked, — "I am convinced that the quantity and vici- 
nity of iron, in most ships, has an effect in attracting the needle ; 
for it is found by experience, that the needle will not always point 
in the same direction, when placed in different parts of a ship : also 
it is vezy easily found, that two ships, steering the same coarse by 
their respective compasses, will not go exactly parallel to each other ; 
yet when their compasses are on board the same ship, they will 
agree exactly." Whenever large fleets were assembled to sail under 
convoy of ships of war, it was usual for the Commodore to intimate 
by signal the course to be steered by the fleet during the night, and it 
was usual to And these fleets much dispersed the following morning ; 
the compass courses of the ships composing the fleet havmg differed 
considerably among themselves. It was no longer doubted that the 
iron within a ship exerted an influence upon the compass, but it was 
not known in what way this influence was exerted. It was then 
supposed, and it is still believed by many, that iron attracts the 
compass; that is to say, the north end of the compass needle is 
attracted by the iron, and hence the term local attraction f applied to 
the kind of magnetic disturbance under consideration. 

Captain Flinders, b.n., had been employed in surveying Australia 
and of course had ample opportunity of noticing and notmg anoma- 
lous observations in magnetic bearings, and in observations made on 
board, for the variation of the compass, in the southern as well as 
in the nortUem hemisphere. On his return to England, his obser- 
vations were communicated to the Admiralty, and their lordships 
were pleased to direct a series of experiments to be made on the 
compass, on board one of her Ms^esty's ships, at Sheemess. The 
result of these experiments may be briefly stated. 

1st. That the compass-bearing of a distant object was different in 
different parts of the ship. 

2nd. That the binnacle compass gave true bearings of a distant 
object, when the ship's head was north or south. 

8rd. That the greatest error in the bearing by compass was when 
the ship's head was east or west. 

FUnders concluded — and correctlv — that the local attraction in the 
same ship would be different in different parts of the world, and that 
it would change with the magnetic dip. 

Capt. Flinders died in 1814. A paper of his, which appeared in 
the Philosophical Transactions of the Boyal Society, upon ** the 
differences in the magnetic needle on board H.M.S. Investigator, 
arising from an alteration in the direction of the ship's head," may 
inform us of the author's views. 

1st. He supposed an attractive power, with different bodies in a 
ship, capable of affecting the compass, to be collected into some- 
thing like a centre of gravity, or focal point, and <hQ.t tjad& '^^^Saa&.Sau 
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nearly in the centre of the ship where the iron, shot, Ssc, are 
deposited. 

2nd. He supposed this point to be endowed with the same kind of 
attraction as the pole of the hemisphere where the ship might be. 
Consequently, in New Holland, the south end of the needle would be 
attracted by it, and the north end repelled. 

Srd. That the attractive power of this point is sufficiently strong, 
in a ship of war, to interfere with the action of the magnetic poles of 
a compass placed in the binnacle. 

§ 12; Captain Scoresby, who had commanded several ships in the 
northern whale fishery, and being an intelligent and well-informed 
man, directed his att^tion to the mariner's compass. His employ- 
ment in high northern latitudes, where the magnetic dip and 
magnetic inteosity are very great, furnished him with opportunities 
of making usefdl observations on magnetism. In his paper " On 
the anomaly in the variation of the needle," in the Philosophical 
Transactions for 1819,« we have the result of his observations ; viz. — 

1st. That all iron on board a ship has a tendency to become 
magnetical ; the upper ends of the opposite bars being south, and 
the lower, north poles, in the northern hemisphere, and vice versa ^ 

2nd. The combined influence of all the iron is concentrated in a 
focus ; the principal south pole of which, being upwards in the 
northern Hemisphere, is situated in general near the middle of the 
upper deck. 

8rd. This focus of attraction, which appears to be a soutii pole in 
north dipf attracts the north point of the compass, and produces the 
deviation in the needle. 

4th. This deviation varies witii the dip of the needle, the position 
of the compass, and the direction of the ship's head. It increases 
and diminishes with the dip, and vanishes at the magnetic equa- 
tor, f It is a maximum when the ship's head is west or east, and it 
is proportional to the sines of the angles between the direction of 
the ship's head and the magnetic meridian. 

5th. A compass placed on either side of the ship's deck, directiy 
opposite to the focus, gives a correct indication on an east and toest 
course, but is subject to the greatest deviation when the ship's head 
is north or south. 

Captain Flinders and Scoresby were both practical and theoretical 
seamen and navigators, and were endowed with a considerable 
amount of philosophical and mathematical skill. They made care- 
ftd observations on the action of the ship's iron on their compasses, 
and communicated the result of their valuable observations to the 
public. Had they been less practical, we might never have heard of 
their opinions of local magnetism ; or, had they been more mathe- 
matical and theoretical, we might have been favoured with an 
hypothetical treatise on magnetism, founded on an imaginary base, 
and supported by mathematical formula contrived for the purpose. 
Investigations of this kind, although of the utmost importance in 

* See Serrlngton SaTery't Paper on Magnetism in the London Philosophical Transactions 

f The deriatioa caused hj iron in a ship does iwit '^laaVdi «s fieotesby savs: the dip 
*«B/«Ae«/ but even where the dip =- Oan iron holtXiAd \voTAianXa\\T"l^ot^wA^wSti»^VU. 
PffilMua to barepaia otopTpodte Taloes at iU enda.'W.'W. 
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iearcliing for those " laws of nature" that g076m oar planet, are 
generally beyond the comprehension of seamen, and tend rather to 
bewilder thim to enlighten their minds. 

§ 13. In the meantime, onr ships continued to receive additional 
quantities of iron in their construction and equipment. Iron knees 
were substituted for wood, iron tanks for wooden casks, iron ballatt 
for shingle, iron bolts for wooden tree-nails, iron cables for rope 
cables, iron rigging for hempen, and vessels began to be built entireltf 
of iron. The consequence of all this was to render ships more 
difficult to be navigated, by reason of the local magnetism of the 
iron they contained. Attention was aroused to the subject, and 
Professor Barlow took it up, (§ 1) and received the countenance and 
support of Oovemment in his investigations. Mr. Barlow made and 
recorded a great number of valuable experiments on the compass ; 
he advanced a theory of magnetism, which was received with fetvour; 
and he proposed a plan for correcting the deviation of the compass, by 
means of an iron disc, placed near the binnacle, so as to counteract 
the eifect of the greater masses of iron lying forward in the ship, 
and below the horizontal plane of the compass. This plan, if it 
did not entirely correct the local attraction in these latitudes, greatiy 
lessened the errors that arose in the reckoning. 

The failure of Mr. Barlow, in his endeavours to correct the 
compass, arose from his theoretical views of magnetism not being 
in accordance with experimental facts. He supposed, with Flinders 
8coresby, and others, that there was a centred magnetic Jbcus in a 
vessel, which acted on the compass. He supposed that the mi^- 
netism of an article of iron depended upon the position of its centre, 
and not upon the position of its extremities, with reference to its 
action on the steering compass ; and he did not believe, '* that ever 
any particular action had been discovered between tvx) pieces of iron.'* 
He was not aware of the fact, that any two pieces of iron vsiU act 
upon each other as magnets, as well as upon an artificial magnet.* 
After several trials of tne correcting plates, in both hemispiieres, 
they began to be disused, and are now almost entirely laid aside. 
These magnetical discussions and experimental trials were not 
followed by that pubUo advantage to Navigation that might have 
been derived from them. Seamen again relapsed into incUli'erence 
about their compasses. They began to think that iron, being so 
largely employed about ships, was really not so dangerous as tneir 
forefathers had taught them to regard it. The results have been as 
might have been expected. Our ships became more difficult to be 
navigated, and the masters less prudent and skilful in keeping their 
dead reckonings. The number of shipwrecks have consequentiy 
been greatiy increased: many sailing vessels shaping a compass 
course, and running on shore with a fair wind ; whilst sMam-vessels 
in great numbers luive, from errors in their comprises, run on rocks 
at the full speed and power of their engines, and have been of coarse 
destroyed, and many of their people drowned. 

§ 14. We have now given a short history of the manner's com- 
pass, and the reader wili have noticed, that its improvement and Uia 
cUscovertes of its pr^rties have been. msAeXyoX ^-^Vj. ^^%s&ssQk 

^0s9Fn»m8tffl9w'§y9M^im0kWk}liii9^^ 
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have seldom been allowed to meddle with it, or pass an opinion npoli 
its merit. The importance of the compass appears to have trans- 
ferred it to the care of philosophers or ship-chandlers, and many a 
compass has been made " to sell," and not to steer by. There are 
a vast nunber of patent compasses, diJOfering in price and in degree 
of utility, now in use; but seamen should bear in mind, that the 
compass needUj when saturated with magnetism, must necessarily 
point in the direction of the magnetic meridian, unless it be acted 
on by some external magnetic force within the vessel. The compass 
is influenced by three considerations arising from a single cause ; 
viz., its vaziation, its dip, its local attraction and repulsion by the 
ship and her contents. 

f 15. Before we treat of the practical application of the known 
principles of magnetism, and magnetic attraction and repulsion, it is 
proper that a short notice should be given of the magnet itself. The 
loadstone is an ore of iron, and contains as much as 80 or 90 per 
cent, of the pure metaL It is extensively disseminated over the 
globe, but is generally found in large masses in those rocks which 
geologists denominate as primitive. The property of the loadstone 
ror attracting iron was well known to the ancients, and in several 
countries this property procured it the appellation of *' leading 
stone, touch stone, stone which attracts iron, the stone of love," &o., 
names which it still retains. 

In almost every countzj where the loadstone is known, it has 
received a name indicative of some inherent property in that 
mineral. We here add a list of nations, with the name of the 
magnet in the language of the country, and its signification.* 
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XngUah .. 
French .. 
StMuiish .. 
Portagneae 
Italian . . 
Greek 
Dutch . . 
Danish .. 
Swedish .. 
Icelandic 
Irish.. .. 
Welsh .. 
Hungarian 
Russian .. 
Polish . . 
Dalmatia 
Finland ., 
Chinese ., 
Maadehow 

Japanese 

Thibetan.. 

Tankinin 

Siamese .. 

Birman . . 

Malayan . . 

Cinsalcie 

Araoic . 

'.Perttan , 

'Oncbm ., 
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Loadstone .. .. .. 

Aimai^t 

Iman 

Iman, Padre de Cerar 

Calaxnita 

The iron stone . . . . 

Gkyl stein 

Magneit 

Segel stein 

Ldder stein .. .* 

Taxrangart 

Trwysfeett 

Maynit-Ko • . . • 

Magneit 

Magnlt Kiamen .. 
Gvozdetegh .. .. < 
Randan -wetarga 
Che Chy. Tohi-nan < 
Selei-edcben . . »• 

I Thru-chy .. •-. . 

IZi-syakf 

lldho-r>hatlen . . . 
D'anamtcham »« .. 

MiUk 

ThanlTlk-Kyouk 

Hatu-brani 

Eandhoksgaluk ^ 
Hadjarechcheiyatm 
JiaJcnat hc B .. .. »• 
Btaae of HenoUu 



SIGNIFICATION. 
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Stone that carries a load or weight* 

The lover. 

The stone fhat attracts Iron. 

Ditto. 

<^> 

The stone that attracts iron. 

The sight stone. 

From Magnus, the shepherd. 

Seeing stone, victorious stone* &<• 

The leading stone. 

The drawer. 

The conductor. 

The love stone « 

From the Greek shepherd Magnus. 

The loving stone. 

The drawer of nails. 

The attractor of Iron. 

The stone that directs or condtitfts. 

The master of iron. 

Conducting stone 

Stone for rubbing the needle. 

The stone for the steel needle. 

11\e stone which shews the south. 

The stone which attracts iron. 

Ditto. 

The stone of enterprise. 

The stone which loves. 

The devil's or wizard's stooe. 

The magnetic stone, 

AtbtaetoK «nd leDuUer of inm, &e* 



This wonderful stone bas, therefore, been eminently distingaished 
above every other kind of mineral, by names given to it by different 
nations, which at once convey to our minds a sense of some of its 
singular properties : thus, we find it called, the stone that carries a 
load, that loves, that attracts, that points out, that directs, that leads, 
that conducts, which shews the south, the nail drawer, the master of 
iron, tile attractor and repulsor, the stone for the steel needle, the 
wizard's or devil's stone, the stone that loves, the kisser, the stone 
of enterprise, &c. These names were probably given to the load- 
stone at very remote periods of time and before the mariner's com- 
pass was invented, or before it was known that the loadstone 
possessed an almost unlimited power of transferring its own virtues 
to any number of steel bars, without being sensibly weakened in its 
magnetio intensity. If it had been known to what important uses 
magnetised steel bars could be applied, — as to navigation, to mining, 
and other important purposes, — how many more names might have 
been added, and every one of them conveying a new application of 
its principles. Magnets are now employed in working the electric 
telegraph. They assist in sending messages from one town to 
anotiier, with a velocity greater than that with which sound travels. 
Messages are now correctly sent with greater speed than a cannon 
ball travels through the air. It is by the agency of artificicd electri- 
city and magnetism that man has accomplished this modem wonder. 
Official despatches are now correctly sent, by telegraph, over-land, 
through air, and even under rivers and the sea itself, wiih the ra- 
pidity of lightening ; and we wonder what name an Arab would give 
to such an apparatus 1 

§ 16. It does not appear that any of the names, in the list we have 
collected, conveys any idea of the loadstone's having been applied 
to navigation ; and yet it is to this wonderful mineral, and its 
transferable magnetic properties to steel, and the practical applica- 
tion of it to the steering and conducting of ships (when all other 
resources fail us), that we owe the greater part of our knowledge of 
the world we inhabit, the ocean we have explored, and the inter- 
course we keep up with the remotest habitable regions. 

It was believed that the loadstone /ec^ upon iron/ This was by no 
means an unreasonable supposition, since natural magnets actually 
acquire additional magnetic intensity by being kept in contact with 
iron. It is on this principle that loadstones are armed with soft 
iron, in order to increase their power. 

It was seriously believed by the ancients, that if much iron were 
used in the construction of their ships, magnetic rocks on the sea 
shore might attract the vessels, and hold them firmly attached. 
Who has not read the wonderful adventures of Sinbad the Sailor, 
as detailed in the tales of the "Arabian Nights?" How would 
Sinbad's historian have managed an iron steam vessel ? The 
modems, as well as the ancients, have ascribed wonderful physical, 
as well as moral effects to the magnet ; its properties have been 
applied by imposters in their systems of astronomy, astrology, divi« 
nation, prediction of fntore evonts, divinity, lawi phyuio, and £qc« 
^one-teUing. 
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The property of a magnet, in commnnicatiiis a pernument tn&gl' 
netism of its own kind to hardened steel, and the directiye power of 
a freely enspended steel magnetic needle arranging itself in a north 
and south direction, induced a belief that some mysterious agency in 
the heavens held the compass-needle in the direction of the pole star. 
It was afterwards considered, that magnetic rocks might abound in 
the polar regions of the world, and ^w the needle in that direc- 
tion ; and some supposed, that the earth itself contained a great 
magnet in its central parts. The variation of the magnetic needle 
proved that these views could not be correct ; because, if the north 
star itself had been a magnet, if the rocky regions towards the poles 
had been formed of loadstones, or, if ihe earth had held a great 
magnet in its central part, any of these agencies, if permanently 
fixed in the heavens, or in the earth, would not have induced a 
ehange in the direction of the compass-needle. 

It is more reasonable to suppose, that magnetism, electricity, 
and galvanism combine to form a mysterious agency pervading the 
world; for electricity has been known to iniert or destroy the 
magnetism of a ship's compass, and by galvanism, needles may be 
magnetised. We ^ow comparatively but little of the internal 
structure of the earth. The cuttings of the engineer, the punctures 
of the miner, or the scratches of those who dig or quarry its surface, 
have penetrated but a very small portion of the distance between the 
surface and centre of the earth. We are, however, certain, that the 
earth's mean density is greater than that of any rocks known to exist 
near its surface. Our geological researches enable us to assert, that 
the globe contains masses of mettds, and metalliferous veins, abun- 
dantly disseminated among the stratified and ciystallized rocks, 
whicn form its external crust. There is evidence to shew, that the 
central parts of the globe possess a higher temperature than its parts 
near the surface ; that subterranean fires exist in it ; and that the 
masses of matter composing our planet may be regarded as a 
galvanic arrangement, its soUd parts being connected or covered by 
un ocean of brine and an elastic atmosphere. There are chemical 
formations, as well as decompositions, constantly going on in it ; 
and the electrical, magnetical, oi galvanical currents we witness 
may result from the physical structure of our earth. If we adopt 
this view, of the globe being a galvanic mass, many difficulties in our 
magnetical speculations may vanish : for example, the changes in 
the daily vaiiation of the compass, and the great change that has 
taken place in this variation during the last 260 years, may have 
arisen from changes in the internal or external temperatures of the 
earth in its various parts, as In Greenland and elsewhere. 

§ 17. It is still believed by many, that iron and steel are the only 
substances susceptable of magneiism; whereas eeery known sub- 
stance is more or less susceptable of magnetic action. Mr. Barlow 
found, that the brass box of a very fine compass, with which he had 
been making experiments, had acquired a permanent magnetism. 
Sir W. S. Harris, in his paper on the transient magnetic state of 
mbUh VMiions fohstances are saaceptible,* has given the following 
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Sir W. S. Harrin fonnd. ibat by cDndeDHini; the meUIa their mig- 
netie enersy iras iucreoJipd. and that all inhstuieeB reeelTH or take 
up magnetiBni mora rspidlj than they part with it. The abore coa- 
clnnon* were drnim from eiperimenta made an metals aubjeitt to 
Ihe action of artificial msfiBeta vibratiiig within diaci, oi riusg of 
(he metali. incladed in the abore table. 

ProfeBBOr Whewell in hia Sridf^water Treatiae,* hai remarked, 
" When we consider the vast aerHce which majniatiam ia to man. hj 
mpplyiaft him with the mariner's compaaa, many peraons will n- 
qnlre no oth er proof of this property heinff inlrodnoed into the frame 

of the world for a worthy parpose UaenetiBm (he adds) has been 

diseovered in modem timea. to have so elear a connection with gtd. 
Taniim. that they may be rei;arded aa diiFereut aepecta of the same 
Bf^enta : all the phennmena we can produce with ma^etism, we p"" 
produce with galvanism. That salTaniam eiiata in the earth, va 
need no proof. Electricity, which appears to differ from galvanism 
in the same manner in which a fluid in motion difiors from a fluid at 
Teat, appears to be RalTaniam in eqailibrinm ; and recenllyMr. Forf 
found by eiperimenl. that metalliferoaa veina, at they lie in the 
earth, eiereiae a ealvanic influence on each other. Bomethin^ of 
thin kind mijEbt hare been expected fVom maasoB of metal in coDtaet, 
If Ihey differ in teraperature, or, in other cironmatancea, are koowa 
to produce ealTaaic cnrrents; hence we hare nndoubtedly streams 
of Kaltanic inflnenee moTing along the earth ; hot whether or not 
nich caaaes as theae produce the directira power of the magnetla 
Deedle. we cannot here pretend to decide. The; ean hardly feil to 
affect it." 

The opinion here Ki>en is ^m kigi autAon'fy, and I oordialljr 
attree with it. The whole of the materiala farminj; or stowed In a 
ship are ausceptahle of matraetiam by iudncting f^om the earth, lea, 
and atmosphere ; the mechanical conatruction is inch, that the 
whole tail-Tic of the ship may be in a tranaient masnetio state: not 
only the iron, copper, lead, brass, and other metaJs; bnt alio th« 
mood forming the hnll, fastened or covered as it really it with these 
metals and Uieir oiides. Need we then be snrpriaed, when we And 
tlie steering eompasa deriating £com the tnie direction of the mag- 
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Betic meridian, or vibrating seveiral points on each side of the course, 
when a vessel rolls from side to side ? 

§ X8. The following may be stated as magnetic axipma, or princi- 
ples easily demolnstrated to be true by experiment : viz.-^ 

1st. The loadstone has two permanent poles, either of which will 
attract iron or steel, not rendered magnetic. 

2nd. The poles of the same name or Mnd, in different loadstones, 
repel each otiier; thus, the north pole of one loadstone will attract 
the south pole of another; but the north poles will repel each otiier, 
as well as the south poles. 

8rd. The loadstone communicates a permanent magnetism to 
hardened steel, and a transient magnetism to soft cast or wrought 
iron. 

4th. The poles of the loadstone communicate magnetism, by 
touch, to steel, of an opposite kind to their own. Thus, if the north 
pole of a magnet touch one end of a steel bar, the end of a bar thus 
brought in contact vriU be a south pole, and the other end a north 
pole. 

5th. Steel bars rendered magnetic by the loadstone become them- 
selves magnets, and are capable of rendering other bars magnetic. 

6th. The attraction and repulsion between magnets, whether 
natural or artificial, whether transient or permanent, are equal and 
mutual. 

7th. If a magnet be cut into two or more parts, each part will be 
a perfect magnet, with a north and south pole. But the magnetic 
force of any magnet will not be so great as the combined magnetic 
forces ofaU its parts, after division. 

8th. The magnetic attraction or repulsion exerted between two 
magnets, or between a compass-needle and any piece of iron, is 
not impeded f diverted or lessened, by the interposition of any sub- 
stance whatever (iron excepted). If, for example, an iron gun were 
stowed in the bottom of a ship's hold, and a cargo of the most solid 
materials were stowed above it, the magnetic action of the gun upon 
the ship's compass in the binnacle would be precisely the same as if 
nothing had intervened between them. 

9th. Hard steel retains magnetism longer than soft metal, and the 
harder it is made the better for retaining magnetism. 

10th. If the north or south poles to two equal and similar magnets 
be kept in contact, their magnetism will ultimately be destroyed ; 
but if their opposite or contrary poles be kept in contact, their 
magnetism will be retained. 

11th. If a steel bar be delicately poised on its centre of gravity, 
and then touched by a magnet, the bar or needle vrUl arrange itsculf 
in the direction of the magnetic meridian, and in the direction of 
the magnetic dip. Thus, in England it would point magnetically 
northvxard and downward, about 70 degrees from the horizontal 
plane. 

• The following facts are of much importance to seamen, as they 

relate to that kind of magnetism which has been named " !biductive," 

that is, not strictly of a permanent oAture, althojij^ ^exerting tiie 

same Mnd of ia&uence iqpoa tihe vmASt'ls $(^^as8 as a permanent 

magaeUsm wordi «zert. 



12th. The earth is magnetic, and gives direction to f^ely tas- 
pended magnetic needles ; it has a north and a sonth pole, and 
since magnetic poles of opposite names attract each other, the north 
point of a compass-needle must be a south pole, because it ia 
attracted by the north pole of the earth, and vice versa (§ 2). 

13th. If an iron sphere, or any regular or irregular solid of soft 
iron be imag^lned as cut by a plane, at right angles to the magnetie 
meridian, but in the same direction as th& magnetic dip^ and if this 
plane be again cut by another imaginary plane passing through the 
centre of gravity of the iron, and at right angles to the dip, this last 
plane will separate the solid into two magnetic hemispheres, where 
will be found a north and south polarity and a magnetic equator. 
If the solid be an iron sphere, it wUl represent a miniature world, 
with its magnetic poles ; and, if it be of considerable size, will con- 
trol a smaU pocket compass when held near it. This magnetism is 
f eceived from the earth, and will hereafter be more fully explained. 

14th. If an iron bar, bolt, or plate, be suspended by a small thread, 
or by any other means, so that one end shall dip (in England) at an 
angle of about 60 or 70 degrees from a horizontal level, the iron, 
altibough not previously magnetised, will come to rest in the plane of 
the magnetic meridian ; its lower and north end pointing nearly in 
the direction of the magnetic dip. 

15th. If a piece of soft wrought or cast iron be taken, and held 
nearly parallel to the piece above mentioned, and if the upper end of 
one piece be made to approach the lower end of the other piece, an 
attractive force will be developed ; but if the upper ends or the lower 
ends of the two pieces be brought near together, a repulsion will 
take place. These pieces, as well as all others, are magnetic by in- 
duction from the earth, and will act upon each other, as well as 
upon a compass-needle, as magnets or magnetised steel bars. 

16th. If we place a long bolt or bar of soft iron, in a perfectly 
horizontal position, and at right angles to the magnetic meridian, 
or in an east and west direction, and then a delicate compass be 
placed near either end of the bar, the compass-needle will not be 
disturbed. But, if the further end be raised but one degree, the 
south point of the needle will be attracted. If the further end of 
the bar be lowered a little, the north point of the needle will be 
attracted and the south point repelled, in north magnetic latitude, 
and vice versa in the southern magnetic hemisphere. 

17th. If a small delicate and sensitive magnetic needle be allowed 
to settie in the direction of the magnetic meridian, and if a long 
straight bolt or bar of soft iron be laid in a north and south direction, 
with one of its ends near to the centre of the needle, and either east 
or west from it, the south point of the compass-needle wiU be 
attracted by the north end of the iron (in England), and the north 
point by the south end of the iron. If the end of the iron which is 
farthest from the magnetic equator, and nearest to the magnetio 
pole, be raised till the compass-needle returns to the true direction 
of tiie magnetic meridian, the axis of the iron wiU tiien be at 
light angles to the direction of the magnetio dip, or ia thA^lsov^ vJL 
its zoagaetic equator j and, by the api^liQ«Aki&. ^1 «i \S!)sask^t^^)S)ai^3»aQi^> 

0^ 
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or any other maoliiiie for measuring angles, the angle made by the 
direction of the axis of the iron, and the vertical, will be found 
equal to the magnetic dip at the place of observation ; and the ang^e 
made by the iron, from a horizontal level, will be found equal to 
the complement of the dip. 

18th. If we take a freely suspended or delicately poised compass- 
needle, and allow it to come to rest in the direction of the magnetio 
meridian, either pole of the needle will attract and be attracted by 
any part of a small piece of soft iron, such as a small nail ; but if a 
larger piece of iron be used, say an iron bolt, the inductive terres- 
triid magnetism which the iron receives from the earth wUl control 
the compass-needle, and by its position will either attract or repel 
the needle. When the iron is small, the permanent magnetism of 
the needle controls it ; but when the iron is large in quantity, its 
inductive magnetism will overcome the permanent magnetism of 
the small needle. 

19th. The induced magnetism with which all articles of iron are 
saturated is received from (the earth, and the polar axis or line sup- 
posed to join the two magnetic poles of any article of iron, not per- 
manentiy magnetic, is parallel to the direction of the magnetic dip, 

20th. Since iron is magnetic by induction from the earth, and 
poluised by position with reference to the direction of the magnetic 
dip, therefore, any change in the direction of a ship's head, or any 
idteration in her angle of inclination, whether in its direction or its 
amount, will be accompanied by a change in the polarity of the iron 
contained in the vessel, and by a change in the amount or direction 
of the local attraction, and its influence on the steering compasses. 

§ 19. The magnetic dip is really an element of far more impor- 
tance to navigation than has been imagined. The dip changes with 
the latitude : it is actually a measure of the magnetic intensity of 
the needle, and an index to the inductive magnetic polarity of the 
iron within a ship, as well as everywhere else. The dip, then, not 
ovly ought to be known and recorded on our charts, but ships should 
be furnished with means for finding the dip in long voyages. 

§ 20. We have seen, that almost every substance experimented on 
has been found susceptible of a transient ma^etic state by induction, 
and that tiie earth itself gives out magnetism of its own kind to 
solids separated from it. Without having recourse to delicate 
experiments by refined apparatus, the induced magnetism of iron 
is evident to the senses by the rudest machinery, or even without 
any apparatus at all. Pieces of wrought or cast iron act on each 
other, as magnets act on each other, exhibiting all the phenomena 
of attraction, repulsion, and magnetic conduction ; and these metals 
may be made eitiier to control a magnetic needle, or be controlled 
by it, in a variety of ways. This view of magnetism has not been 
entertained by philosophers, because they have never been in pos* 
session of a sufficient number of experimental facts. 

We shall, however, put our nautical readers in the way of 
BaUsfymg ^emselves on these points, by means of materials used in 
tbeirorcBnuy yocation. 
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Id bigb latitudes, Btamoa fiaJ tliut the uppur imi under sides of 
articles made of iron greatly alfect their compaBBee; it ia because 
the dip ie also great, and the earth's magnetism, greater in high 
latitadee than nesr the magnetic equator^ But upon the magnetic 
eqoBtor itself, the jioiariig of ir 
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lotion along villi the dipping-needle. 

Iron, vlien long exposed to the atmosphere, on action of IFSteri 
gets e.'veied with msl; th« onter snriace beii.g conTerted into an 
doide rf irjn, the magnetic properties of the metal nodergo a change. 
When ipiiidles of oapstuu, weather-cocka of buildings, &c., remain 
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Icagiii a fixed Utitade, and in a permanent position, the o'xidatiofl 
of tiie metals and the magnetic action of the earth communicate to 
the kon something like a permanent polarity; that is to say, a very 
considerable time most elapse before the iron will part with the 
magnetism it had acquired in its previous position. 

Iron vessels furnish an illustration of this Mnd of magnetism. 
If an iron yessel's keel be laid down in or near to the direction of 
the magnetic meridian, the time she may remain on the stocks, and 
the processes of hammering and clenching of the materials together, 
will in some measure communicate a magnetism to the vessel of a 
semi-permanent character. For example, if the north end of an iron 
vessel, when on the stocks, be found to attract the south point of the 
compass, after tbe vessel is launched and moored in an east and west 
direction, it would be proper to moor such a vessel in a direction 
opposite to that in which she teas built — and for some time — before 
the magnetism asguired in building would disappear. Attention is 
directed to this subject : those who intend to sail iron vessels should 
Bee to it. 

If ships had continued to be buUt almost entirely of wood, their 
local attraction would never have been noticed ; but the metals now 
enter largely into the formation of modem ships, and their com- 
passes are proportionally aflected. If the compass indicate a wrong 
course, and we steer by it, we run the ship into danger or actual 
destruction. It is surely, then, the duty and the interest of all those 
who have anything to do with ships, to acquire some knowledge of 
practical magnetism, and more especially of seamen, to learn the 
principles ot their compass, — how they may guard against its errors, 
and shape a course with more confidence, and less risk, than those 
can possibly do who may continue to jog on in the old way, pre- 
ferring to remain ignorant of causes that so materially influence 
their reckonings, or endanger their lives. 

§ 21. We now proceed to give experimental proofs of our funda- 
mental principles of practical magnetism. It is necessary to bear in 
mind, that all experiments made with iron, in order to exhibit its 
inductive and changeable magnetic polarity, should be made with 
iron of uniform quality throughout its mass. Iron that ii as been 
re-manufactured is unfit for the purpose, because it may contain 
pieces of old files, chisels, and fragments of old steely which might 
retain magnetism in a permanent lorm. We should therefore select 
for our experiments ntw iron^ that has been derived from the ores, 
and manufactured by a uniform process by machinery; that is to 
say, drawn out or rolled, so as to be of uniform density, and of 
regular form of bolt, bar, or sphere, &c. 

Experifmnt 1* 

' • Sometiine before the publication of these tmpers In the Nautical Kapazifie, In 1843, snA 
after a conversation I haa with Admiral Beaiifort, ivhom I always found read; to listen to 
scientific or profebsional subjects, Sir Jtrancis, being at thi ht.ul of the Compass Committee* 
invited Colonel is \bine and Capuin Johnson t j mtet me in the Hjdrographic Office at th« 
Admiralt;. We met accoroingiv, and in ordei to refute i ei-tai.i pvipcipl .« generally receiTcdL 
andi>ropounded by Barlow, Airy, and others^ 1 made 'hs expcritnents here detailed, and 
if*rtt «xperitDmittU proof, that one piece of inn will act .nagnetically upon another of th* 
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Take a piece of bolt or bar iron, a foot or more in 
length, and let it be suspended by a small thread, 
witn an inclination nearly equal to the angle of the 
magnetic dip. When the twist of the thread (if it 
have any) has been got rid of, the bar will come to 
rest in the direction of the magnetic meridian, with 
its lower end A towards the nearest pole of the 
earth, and its npper end towards the magnetic 
equator. 



Take now a second niece of iron, B 
(Jig. 1,) and hold it nearly parallel to the 
suspended piece A, with the upper end of 
B near to the lower end of A, and it will be 
seen that an attractive magnetic force will 
be exerted. But if the upper end of B bo 
brought near to the uppor end of A, (as in 
Jiff. 2,) a magnetic repulsion will take 
place. 

In this experiment, it is evident that tho magnetic action of the 
two pieces of iron upon each other, or upon a compass-needle, is in 
every wny similar to the action that takes place between two natural 
or artificial mognetn. The magnetism of the iro7i is due to its 
position with reference to tho direction of tho magnetic dip of tho 
place, and it will be found that, by changing the position of the iron, 
by turning its ends, the polarity of tho iron will be changed at once. 

I^cperiment 2. 

Suspend a bar of soft iron, with an inclination equal, or nearly 

equal to tlic angle of the magnetic dip, and allow it to come to rest, 

Fig. 3. (jlg, 3 J then if u cast iron shot or shell be brought 

near to either end of tho bar, am attraction will be 

manifest; thnt is to say, whether wo bring tho 

'^ upper hrniiHphcrc of the shot roar to tho lower end 

^ of tlio bar, or tho Imrer hcml phero of the shot 

near to the upper end of th< bar, an attraction 





^^^ *" present poles of opposite kb ds ; but it is not 

^^"^ practicable, in this experim nt, cmivcnientlij to 



will take place between them because, here we 

is a exhibit a repulsion. A "repul don may, however 

^^ be shewn, by bringing the sh )t near to the upper 

half of the iron; but this requires some experie.ioe in the operator. 

Uxperiment 8. 

If w« take a large shot or aheU of xl^^ m^Xsl^lt^^tt^^fi^xw^v^sa^. 
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tie a eolopred thread round it, so as to represent a great circle — in 
^iff, 4. fact, BO as to divide it into two hemispheres, as 

A B, Cfig.^J then let another thread, C D, 
circmnscrihe the shot in a direction at right 
angles to A B, so as again to divide the hall 
into two hemispheres ; then place the sphere 
npon the horizontal line S N, with the plane 
of the circnmscrihing thread C D vertically 
and at right angles to the magnetic meridian 
N S ; let the shot be rolled backward till C D 
becomes parallel to the dip^ and it will then 
8 N be found, that the circumscribing thread, A B, 

has divided the cast iron bolt into two magnetic hemispheres, 
where C is a north and D a south pole. If now a smcQl and 
delicate magnetic needle be applied, it will be found that every 
part of the ball below the thread A B will attract the south point 
of the needle, and repel the north point ; and all the upper hemi- 
sphere will attract the north point of the needle, and repel the 
south point. . 

Here we have an exemplification of the local attraction of the iron 
in a vessel. The magnetism developed by the shot, and which it 
receives from the earth, is precisely of the same kind as that of the 
grm, a tank, knee, or pig of ballast. The line C D corresponds to the 
magnetic dip of the p!Uice and indicates the position of the magnetic 
poles of the iron and the shot ; and in fact every other thing has a 
magnetism in it, and there is no such thing as magnetism without 
magnetic attraction and magnetic repulsion. Magnetism is com- 
pounded of attraction and repulsion. The intelligent mariner will 
now begin to see how it is that, in these latitudes, the north point 
of his compass is drawn fonoardhy the iron in the vessel: he wiU 
observe that the upper part attracts the north point; and because 
all the iron is generally before the compass, and also below it, the 
north point of the compass-card, which is a south magnetic pole, 
must necessarily be drawn forward, so long as the nearest parts of 
the iron in the vessel continue to retain the same kind of magnet- 
ism that the northern parts of the globe retain. 

Experiment 4. 

The magnetic dip being of much importance, we now proceed to 
shew how it may be found, without that expensive and not over 
correct instrument, the dipping needle. 

§ 22. Take a small delicate magnetic needle, screened from the 
action of the wind — a good pocket compass answers very well — and 
place it on the ground, or on a table where there is no iron to affect 
it. When the needle has settled in the direction of the magnetic 
meridian, a rod of jntre trcm, about 8 feet in length, | inch in 
diameter, and perfectly straight, may then be laid in a north and 
Bouth direction, with one end within a couple of inches of tha 
compasB, and at the some height as its pivot ; the rod will be found 
to derange the needle. Let be a small pocket compass placed 
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Mg, 5. for the purpose of finding the 

~ dip of Uie needle ; the rod B, 

when laid in the direction of 
the line S N, its end at S will 
attract the north point of the 
compass-needle; but if the 
north end of the rod be raised 
as in the figure, the compass- 
8 IT needle will return to its /ormer 

position; and if the north end of the rod be raised still higher, the 
south point of the compass-needle will approach it. Let, therefore, 
the north end of the rod be raised so that its south end will neither 
attract nor repel the compass-needle, nor disturb it from pointing in 
the direction of the magnetic meridian, — the axis of the rod wiU 
then be in the plane of its magnetic equator, and consequently the 
magnetic dip will be at right angles to it; that is to say, the angle 
N S B is equal to the complement of the dip, and the angle B M S 
is equal to the dip itself at the place of observation. These angles 
are easily measured by common apparatus, vnthout a spirit levels 
or even without the line S N being a horizontal level. A sector, or 
a protractor and plumb line applied to the rod B, will shew at once 
the angle it makes, with a vertical line. A gunner's quadrant would 
at once measure liie angle of the dip. The dip then may be found 
by the ordinary means posses:jed by seamen; namely, by a compass, 
a bar of iron, and a plumb line. The principle is sound, and the 
application to any extent of accuracy ^ may be readily contrived by 
instrument makers who know their business. 

Experiment 5. 

§ 28. In order to shew how iron may, by its inductive magnetic 
property either control or be controlled by a steering-compass let 
a steering-compass be placed anywhere out of the influence of 
masses of iron. Take any number of pieces ot iron of diiferect sizes, 
from a small nail up to a large spike or bolt. Now, according to 
Experiments 1, 2, and 3, these nails are each inductively magnetic 
from the earth by position. Take a avnaU nailj and held it vertically 
near the north point of the compass, the lower end of the nail being 
at the same height as the compass-needle ; — the nail, instead of 
repelling, will attract the north point, because the needle converts 
the nail, for the time being, into an inductive magnet, and controls 
the earth's inductive magnetism. Change the small nail for a larger, 
and as you increase the size, you will at last find a certain sized 
piece of iron that will control the compass-needle^ by the induced 
magnetism received from the earth. Hence we inier, that ai though 
eacn and every piece of solt malleable iron is magnetie by induction 
from the earth, yet the quantity of magnetism yvbich the earth 
imparts to a small nail may be cancelled and con trolled by a mag- 
netic compass-needle ; fJthough the natural quant ty of ma: pietism 
which the earth may communicate to a larger pot turn qf' ir m may 
oontrol the compass-needle, and either attract or rtpel it, according 
to its portion with re^venoQ tO tb^ 4k««t»i^ ^1 \^ ^«MaB^v.^^\ 
tmi Uie pokB of ihe &e«41«i 
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{ 24. If an iron rod or bar be placed in an east and west direction 
from the centre of a compasB-needle', and in a horizontal position, 
it will not disturb the compass, nor will Uie needle be affected by it ; 
but a rod or wire so placed will condtiot indactiye magnetism to the 
compass. 

JSh^eriment 6. 

. Let C {jfig, 6,) be a magnetic needle, mounted on a pivot in the 

box B, and let W E be an iron rod laid in an east and west 

jp^. 6. direction, and close to the box 

B; the needle C will not be 
disturbed by the iron rod W E ; 
but if another piece of iron, Y, 
be held in the direction of the 
magnetic dip, and brought into 
contact with the further end of 
the horizontal iron W E, its mag- 
netism will be conducted to the 
compass-needle C, and cause it to 
_ deviate from its correct magnetic 
""^ meridian, (even if W E be several 
S feet in length). If the piece Y be 
x^moved a quarter of an inch from W E, and again be brought in 
eontact, the needle will osdUate ; thereby proving that the iron 
rod W E is a better conductor of magnetism than atmospheric air. 

This is an important fact, because great magnetic energy may 
arise, and influence a steering compass, trom the arrangement of the 
iron in a vesseL If, for example, a merchant vessel have a cargo of 
iron in her hold, or even iron tanks, steam boilers, or cylinders, so 
stowed in the hold, as to be in c(mtact with an iron knee, or iron 
truss, bolted to the ship's side, and running upwards to the upper 
deck beams, such a piece of iron, being in contact with large masses 
of metal in the hold, would conduct or transfer the magnetism from 
below, and certainly derange the magnetic needle, and cause the 
compass to indicate a wrong course. 

It is on this principle of magnetic conduction that separate pieces 
of iron, when brought into actual contact, act magnetically as a 
single mass. The water tanks in a ship-of-war, if stowed in actual 
contacty will act on the compass as if a single tank, of the same size 
as the aggregate number of small ones in the hold, occupied their 
places, iiut if the tanks be kept separate by thin slices of board, 
tiien each separate tank, <fec., will retain its natural quantity of in- 
ductive magnetism, and the place of its poles will change with the 
motion of tne ship. 

Everybody whG has been much at sea, or who has been in the 
habit ot watching ^e motion of the mariner's compass, must have 
observed that tho compass-card does not remain very steady in its 
bowl during bad ^veather. When tixe ship lurches heavily, or rolls 
from side to sido, the compass-card oscillates several points from 
tbe actml ^ecWon of tlie ship's keel. "When a ship is running 
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e&ch side of the perpendioolar, her oompass-card may swim or 
vibrate a couple of poinU on each side of the course. 

To remedy this osciUation of the compass-card, weight is added in 
the shape of wax, brass bars, Ssc.; for it has been considered that 
this vibration arises from mechanical action.* 

§ 25. We have already explained how the poles of any piece of 
iron may be fonnd, by means of the magnetic dip (§ 22). Now the 
magnetic dip has reference to the earth, and not to a ship and the 
iron she may contain. We may, for our present purpose, regard 
the earth as a fixture ; but a ship when afloat and at sea is a move- 
able body, chancing her position and direction, inclining by the force 
of the wind on her sails, or rolling and pitching about by the action 
of the waves on her hull. Now, the magnetic dip of the needle, and 
the consequent magnetic polarity of the iron that a vessel may eon- 
tain, is always referable to a plumb line, because we measure the dip 
from a level ; consequently &e ship and her contents are constantly 
changing their relative positions to the dip, and also to the magnetic 
attraction and repulsion which every article of iron that the vessel 
may contain receives by induction from the earth. Whenever a ship 
changes her position, or her inclination, a new magnetic force is 
brought to bear upon the compass ; and when the ship rolls 
alternately from side to side, equal and opposite magnetic forces act 
upon the compass-needle, and cause it to oscillate on each side of the 
true magnetic direction of the ship's keel. I beg to call the mariner's 
special attention to this part of our subject, and to refer him to 
Jig. 6, in our last experiment, where it is shewn, that an iron bolt 
laid in an east and west direction, by the side of a compass (as W £), 
will not affect a compass-needle, even if it be within an inch or two 

of the compass. Now, let us 
suppose that there is a long 
iron gun on each side of a 
ship's quarter-deck, and exactiy 
abreast of the binnacle. When 
the ship's head is either north 
or soutii, the guns will be in an 
east and west direction, and 
like W E, (ill fig. 6,) wUl not 
derange the couipass-needJe so 
long as tJie ship remains quite 
upright. But let the vessel be 
inclined as 'm fig. 7, Oie magnetic polari^ of the two gun« and 
also of every bolt, bar, or naU that may be fastened tiirough the 
sides of the vessel, wiU have changed placeB m the iron. Let 
the direction of the ship's head be north, and her inchnation be 
to starboard, then tiie breech of the lee gun U ^vill attract the 
north I'oint of tiie needle, and its muzzle will atixact tiie soutij 
point. 

where It !• demonttrated that In order to emoxe h«»rizontaUty to a comijM^ne^ea weigM 
li remiired to oounteraot (fat nccdlM (Up I^n4 ttfSfftW «»• Y^ v(lV» v^»J« \k w«^\*»»!s>^ 




On the other side of the ship, the breech of the weather gun A 
will attract the sonth point of the needle, and repel the north point 
of the compass ; so that the north point of 4he compass-card will be 
drawn to leeward by the gnn B, and driven to leeward by the gnn A, 
whilst the sonth point of the needle, is drawn to windward by the 
gon A, and driven to windward by the gnn B. If the water be 
smooth, and the ship's Inclination be permanent, this kind of local 
attraction will permanently derange the ship's course ; bat if she roU 
from side to side, the compasS'Card will also vibrate on each side of 
the course. 

If a ship's head be north, as before, bnt her incHnatLon to port, by 

a strong easterly wind, tbe polarity of the gons will be inverted; 

Fig. 8. _ that is to say, the lee gon A (Jig. 8,) 

wiU attract the north pomt of the 
compass-needle, and draw it towards 
the lee side of the ship ; and the 
weather gon B will repel the north 
point, and attract the south end of 
the compass-needle. In this way 
the compass, instead of indicating a 
coarse at north, may shew a N. i £. 
or a N. by E. coarse in smooth 
water, and in north magnetic dip; 
bat should the vessel be running 
before the wind, and rolling heavily 
from side to side, so that, at every roll of the vessel, the inductive 
polarity of the iron within her be actually transferred from one side 
to the other, the compass-card must necessarily go on in an endless 
oscillation, unless means be devised to prevent it. The ordinary 
means resorted to by seamen is to increase the weight of the cardt 
that is to say, to use a more sluggish instrument. 

§ 26. It was owing to the vibratory motion of compass-cards 
mounted in wooden bowls, that copper or brass bowls were substi- 
tuted for wooden ones. The fact is, that copper or brass is capable 
of receiving an inductive magnetism from a magnetic needle near 
it (§ 17) ; and although a brass-bowled compass may not vibrate like 
a wooden-bowled compass, it is beyond a doubt, that a card mounted 
in a brass bowl is more sluggish in fine weather.* It is even fre- 
quently necessary to have small lines attached to what are called 
heavy compasses, in order that the helmsman or quarter-master 
may agitate the compass, and cause it to traverse in light winds 
and smooth water. The means, therefore, that have hitherto 
been adopted by seamen, as well as by makers of ships' compasseSi 
have not been founded on sound principles. These magnetic 
oscillations were supposed to arise from some principle ia mechanics 
not easily nndc rstood. Whereas the vibration of tiie needle arises 
from a change of place in the magnetic poles of the iron, and other 

« See TiMe of the maghetlc itete of trhlch various lubsianeM tfe tusflcpUblt j wh«n II 

^m be apparent, tha> copper is hiKhlj susoeptible to transient magtietinD, and tilfer still 

;^»av eo. Copper i$ (o Mebogmj a» 80 to I, and ^V'tvc. \^V» V v ^«xtfae • sHiSX compHN 
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Uilngi fiist 6i]t«r Into the constrnetion of the tmbsI nd h«i <iait- 
tanta ; and it will be aliewii, heresnei. bow these vibrationa, and in 
foot the lo«»l Bttraotion generally, may te reclifiod and got rid of." 

i 27. In order to convince seamen that the asdllatian of their 
eompwa oiisea principoll; from mngnalio action, the fbllaning 
eiperimentB ma; be made in any Tesael. Flooe a short plonk 
(in equilibrium] apon anytliing bo that it nis; rock or roll fcam 
aide to side like the rolling of a ship ; place a compass upon ite 
middle, the pknk beiog in an east and vest direction, and it will 
be ibnnd, that the compoBa-card uTi£2 not vibraU, altbongh the plank 
be moved or heeled from aide to aide ; place now a large bolt or bar 
of iron on the plank, on each aide of the aompaas, and it will bs 
seen, tbat the compaso'Cord will awing or vibrate, if mo^ou be given 
to the plank. 

§ 2S. The experiments we haf e been eiplainlng prove beyond any 
donbl, that iron is magnetic, Unit it hoa magnetic poles, and that 
tiieae poles are always referable to the direction of the dip of the mag- 
netic needle, and do not remain in a permanent position in the iron. 
Anj attempt that may be made to correct the local attraction of a 
ship's compass, or the oscillation of the needle in stormy weather, 
mnat neceaaorily fail, nnless the operator naderstands dearly tlie 
philosophy of his snbject. Frofeesoi' Borhiw failed, becanse he be- 
Ueved that the centr^ action of all the iron in a ehip remuned eon- 
stout in all parta of the world ;l and he did not believe that iron 
was polnriied, oa we have shewn it to be. 

" I am the more aniions to eatablieh this point," aaya tlie author, 
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^'in oonBeqnenee of its immediate connection with the method t 
have proposed for correcting the errors of a ship's compass, which 
has been objected to, on the groond that, according to the theory we 
have been controverting, the central action of all the iron on board 
wonld not remain constant nnder all dips, and in all parts of tiie 
world ; but if the hypothesis I have advanced be correct, then the 
central action of any irregular mass of iron will be in the centre of 
attraction of its snrface, whatever may be the magnetic direction ; 
and mast necessarily remain the same, while the iron and the point 
from which its action is estimated preserve the same relative sitna- 
tLon, as is the case with the iron of a vessel and its compass."* 
Now, although the iron in a ship and her steering compass do 
actually preserve their relative position within the ship, yet the 
magnetic energy of the iron and its inductive polarity do not pre« 
serve tilieir relative position in the g^p, nor to the binnacle ; for we 
have proved, that the magnetic poles of a piece of iron in a i^ip are 
referable to the eturth, and not to the ship (§ § 12 25). 

§ 29. The Astronomer-Royal published, in the United Service 
Journal for June, 1840, practical rules or directions, *'for correcting 
the compasses of iron-built vessels." Now, vessels built entirely of 
malleable iron will luM inductive magnetism, and many of its pillars 
will, in this country, exhibit a permanent magnetism. For, inde- 
pendent of that magnetism which an iron vessel may receive in the 
progress of building, which we have already noticed, the upright 
bars may conduct upwards (§ 24, fig. 6,) a magnetism from below, 
or from the boilers, &c. 

The directions published by Mr. Airy, although they may be of 
great practical utility in any iron-built vessel that may navigate the 
English Channel, or, in fact, around the British Isles, where the 
dip does not vary much; yet the plan he has proposed and the di- 
rections he has given are not applicable for distant regions. His 
plan is to find the local magnetism of the vessel upon ite compass, 
by swinging the ship in the usual way, and then to correct the local 
attraction of the sMp and her contents, by means of permanent 
magnets, placed at a convenient distance from the compass. His 
metibod therefore is, to correct the inductive magnetism of the mal- 
leable or cast iron fabric of the vessel, by means of permanently 
magnetic steel bars : that is, to correct or cancel in one hemisphere, 
hy a constant quantity, a magnetic agency that may vanish, or from 
being positive will become negative, in the other hemisphere, f- 

* Barlow <m Uagnetio Attraction, p. 181. 

t Th« Attnmomer.Royal took offisnoe at the concluding sentence of this paragraph, and 
vgrote rather an angry letter on the subject. His letter and my rejoinder, vidi mattera 
ralatiTe thereto, will be fiMiad in tlie appendix (B) of the first Edition. As howerer the state- 
menu made In the Nautical, have been proved by expeclence« I bave omitted Mr. Ain*a 
letter aadmj xeplj toit. W. W. 
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The aboTe figures have been extracted Aram the FUlosophkal 
TrauBaotioni for 1S13. It ia evident ths diivlationa hare ehonged 
their Bigus ftora eaat to west, and vice vsraH (§ 12). We obaacre. too, 
that the points of no deviation do not eiaetly eoincide in the two 
hemiBpherea. The points of the maiimsm dsviadon have also 
shifted a little. These points at Chstham were W. br S. and £. by 
N. ; in Van Dieman'a Land at £. b; N. and S.W. by W. Thia may 
in some meaanre be acconnted tor, by the ship arriving <itrect fhtni 
the north to the sonthem heniisphere ; and time is required for iron 
rt with the magnetism it has taken np ( j 17) : and this opinion 
ly borne ont by the fact that, on the Sribaa returning to Hobart 
Town, from the vicinity of the sooth magnetic pole, her compass 
errora were somewhat greater than is shewn in the above table, and 
faerpoinla of maiimum compass erroia were at east and weat. The 
ErS«3 was a wooden ship, with a few gtuis. cast iron shot, caat inm 
ballaat, wrought iron tanfea, chain eaUes, anchors, Ice. ; and we may 
safely assume, ttom the foregoing tabulated resulta, that the mag- 
netiant of the ship's metals changed its character by paaiing from 
one magnetic hemisphere to the other ({ 19), and ttiat the iudaced 
poles of the ship's iron changed placea in it. 

The irefcm waa commanded hy Captain Sir James C. Rosa, who 
WBB aaaiated by several competent and qualified officers. The ship 
was fitted out for the express purpose of making magnetic ebKena- 
tl^mi in the South Atlantic aud Antarctic Oceans, fOr the Advance- 
ment of science, and, we trust, foe the benefit of mariners. The 
ship and offlcera were supplied with uee^ inatruments, of extreme 
delicacy and accuracy, and the results obtained and recorded will be 
received without that mistrust ordoabt which attaches to statementa 
made hy pergons of eqnivocal qoalification or experience. Aa 
doobts, however, laay atiU be entertained by aoeptica, reUtlTa to an 
MtoU obuiBe In » lUp's iadnced magoeluni, bj ^ ' 



mtgnatio lismbpltem to •aotliar, we ihsn gire the leenlts obtidiud 
In nnother Tease!- 

Thfl Terror, disooTery ship, aoconjpanied tha Erebitt to the 
Autnrctir; regions !* and tha bllowing table exhibits ths obtuigea to 
nugnetism nndenrsnt : — 
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The reader will now see, that the Tirror'a campsH derialiaiu 
exhibit Uie ume chHiacler as tbe deviations of tbe Er^t; the 
BtowB{^ BDd general eqaipmect of both ship's beis(; nesrlj alike. 

J SO. In iron-bnilt veesele, the compsaa must alwsjrs be lieble to 
great deraagetnent and irregularity, and less dependence should be 
pat apon their dead reckoning. In ships bsilt generally of timber, 
tJifl local attraction apon tha oompaaa presents nearly a oniform 
chancier, althongh tbe amonnt of deviation may <Riy in different 
abtps, and with different cargoes. The mdder ia Sied at the stein, 
the steering wheel is near the mdder, and npon tbe npper deck; 
consequently, tlie compass most be placed near tha helmsman, that 
is. npon the npper deck, snd near tbe after end of the reaeal. The 
principal qnautity of iron in a ship will, therefore, be before and 
below ths compass, and the nearest indactive magnetic poles in the. 
iron will act more powerfnUy on the compass than the more distant 
and opposite poles. The resalt is that, in our hemisphere, and in 
the mnjority of ships, the north point is drawn forward, and in tha 
Bontb magnetic latitade, it is Che Booth point of tbe compass that is 
drawn fomord by the sbip'a local attraction ; and the greatest effect 
takes place wben the sbip^s head ia nearly east or weat. 

lofthei 
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And its distance firom the compass needle. The distorbing magnetio 
action of the iron increases, as its distance from the compass dimin- 
ishes, in the inverse duplicate ratio of the distance ; that is to say, 
if we place an iron bar at four feet from the compass-needle, its 
magnetic action wiU only amount to one-fourth part of what it would 
be at two feet, and one-sixteenth of what its force would be at one 
foot distant ; and so on, the force increasing in the inverse duplicate 
proportion of the distance. We see, then, that a very small quantity 
of iron, as an iron bolt in the comer of a hatchway, or skylight, if 
near the binnacle, may act upon the compass as powerfully as a gun 
would act when secured in a port at the side of the ship, or fifty tons 
of iron stowed in her hold. 

§ 31. The derangement of a compass, by the magnetic action of 
masses of iron, may be ascertained at sea by its oscillation, and by 
its indicating different bearings of a distant object, when the ship's 
head is in different directions at the same anchorage. Another sign 
of the existence of local attraction in a ship at sea is noticed when 
beating to windward, say with a northerly wind, when the ship 
appears, by the compass, to lie within four or five points of the wind. 
Whereas, when beating to the southward, she may appear to be no 
closer to the wind than six or seven points. These anomalous 
appearances in the direction of the ship's head arise from the north 
pomt of the compass-card being drawn forward, on both tacks, by 
the local magnetism of the vessel. Whenever these symptoms 
appear, a compass should be placed on the forecastle of the ship, 
and the magnetic direction of the ship's head on both compasses 
noted. The one in the binnacle will have its north point drawn 
forward, and the compass forward will have its north point drawn 
aft. Hence the correct magnetic bearing, or direction of the ship's 
head, will be intermediate. When doubts exist in a merchant ship 
about the correctness of the course, the above plan, of carrying a 
compass forward and comparing it with another abaft, affords an 
excellent check against any local attraction that may arise from 
receiving a new cargo, or from making changes in the stowage in a 
vessel. 

The magnetism which the iron within a ship receives from the 
earth, in all latitudes, will act upon the steering compass in the 
following manner : — 

Ist. In north magnetic dip, the higher or upper parts of the iron 
being north poles, the north point of the compass-card (which is a 
south magnetic pole,) will be dra>yn forward in the vessel, and the 
south point will be repelled towards the stem, and hence the com- 
pass will indicate a course further to the northward than the ship 
steers; consequently, the ship will be to the southward of her 
reckoning.f 

2nd. In south magnetic dip, the highest or upper parts of the iron 
will possess south magnetic poles, and the south point of the com- 
pass needle (which is a north magnetic pole), will oe cbrawn towards 

t In many meroluint yetsels of the preMmt day, there is much Iron about the wheel and 
■tecfrtng apparatus abaft the compass. In tucb TenelSi ttt« north point of the tiompaM^needlf 

»ft7 bo divim lA to nmrtb iB«|iieUp dliv 
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the ship's head, and the north point repelled towards the stem ; and 
hence the compass will indicate a course farther to the sonthward 
than the ship steers, and she will be foond to the northward of her 
reckoning. 

3rd. In north magnetic dip, and by reason of the changeable 
polarity of the iron in a vessel [fig. 7, § 25), as for example in a man- 
of-war, the north point of the compass-card is drawn towards the lee 
side, and the sonth point is attracted towards the weather side, 
whenever the ship is inclined by the force of the wind on her sails ; 
or, in fact, by any other means, as by shifting her cargo (§ 26). 

4th. In south magnetic dip, and when a ship is inclined from an 
upright position, the south point of the compass is drawn to leeward 
and the north point is drawn to windward, by the induced 
magnetic poles of iron being transferred from end to end of a gun or 
bolt in a ship's side, &c. But when a ship rolls from side ito side, 
in regular succession, the compass-card obeys the magnetic impulses 
of the changeable polarity in surrounding objects, and goes on in 
regular oscillations. 

§ 32. These are generally the conditions of the local magnetism 
of all sailing wooden vessels, and of almost all wooden-buUt steam 
vessels, whose compasses have not been corrected by artificial means, 
or removed beyond the sphere of the ship's local magnetism. If the 
local attraction of a ship has been correctly ascertained by swinging 
her round, and the amount of local magnetism noted upon each of 
the two-and- thirty points of the compass, then these aorrections may 
be safely applied to the courses, so long as the ship continues to be 
navigated in the same amount of magnetic dip; but if the ship's local 
attraction has not been correctly found, we may deduce the following 
practical results from the principles we have been propounding : — 

1st. Almost all wooden ships will be found nearer to the magnetic 
equator than the dead reckoning will place them. Thus, in England, 
or in north magnetic latitude, ships get to the southward of their 
reckoning ; but at the Cape of Good Hope, or coast of Brazil, they 
generally get to the northward of their reckoning. 

2nd. With regard to the change which takes place in the polariiy 
of the iron in a vessel as she clianges her position, and which invol- 
ves important considerations to the navigator, we may deduce the 
following general rules. 

3rd. in north magnetic latitude, and when a ship is on a wind and 
steering a northerly course, she is liable to be to leeward of her 
reckoning ; but when steering to the southward, she is liable to be 
to windward of her computed position. 

4th. In south magnetic latitude, and when a ship is on a wind, 
and consequently inclined, she is liable to be to leeward of her rec- 
koning when standing to the southward ; but liable to be to wind- 
ward when standing to the northward. 

So that in any magnetic latitude, whether north or south, a man- 

of'war, when on a wind, and steering towards a magnetic pole, is 

liable to be to leeward of her reckoniug ; but when standing towards 

the magnetic equator, and inclined by the force of the wind on her 

eaiJa, wUl get to windward of hex ^Iqi^q \q d^ftd twkQmgj whw All 
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§ 83. We must go a little ftirther into car subject, and remind 
our readers, that the general mass of the metals, being in every ship 
helow and before its steering compass, the magnetic needle is acted 
on most powerfully by the nearest magnetic pole of the iron before it ; 
and that the greatest effect is produced when the compass-needle is 
nearly parallel to the ship's beam, or at right angles to the keeL If 
the ship be perfectly upright, and both sides perfectly alike with 
regard to the iron entering into her fabric, then, when her head, or 
rather her keel, is in the direction of the magnetic meridian, the 
local attraction on the compass is = 0, but when the ship's head is 
either magnetically east or west, the local attraction is a maximum ; 
the vessel being supposed perfectly upright. But if the ship be 
inclined from an upright position, the induced polarity of the iron 
in the vessel is transferable from side to side ; and the local effect 
upon the compasses, under these conditions, is greatest when the 
ship's head is on the magnetic meridian, and least when either east 
or west. Now, when the ship's course is either N.E., S.W., N.W., 
or S.E., it is evident the local magnetism of the general mass of the 
vessel and her contents, as ascertained when perfectly upright, may 
either go to cancel or combine with the magnetism arising from a 
change in the ship's inclination from starboard to port, (dtnaugh the 
direction of the ship's keel may not change. Our investigations are 
assuming rather a complicated appearance, but we shall endeavour 
to make ourselves understood. 

Ex. gra. Let a ship be steering a north-east compass course from 
the Longships to MiUbrd, then it is possible that the north point of 
her compass may be drawn forward half a point by the local 
magnetism of her contents, when the ship is quite upright; conse- 
quently, although the compass might indicate a nortii-east course, 
she woiild actually be steering a N.E. \ E. course. Let it now be 
granted, that the wind may change to north-west, and tiiat, by the 
ship's inclination, the north point of the compass-card may be drawn 
half a point towards the lee side {fig. 7) ; the ship, if continuing to 
be guided in her course by the compass, would now be steering at 
N.£.b.E. instead of N.E. If the wind be south-east, and the ship 
inclined to port, and the north point of her compass be drawn half a 
point to leeward, this quanti^, arising from the change in the 
magnetic polarity of the guns, knees, or bolts in the vessel, would 
cancel the other kind of local attraction ; and, under our conditions, 
the compass course would be correct on the starboard tack, but one 
point in error on the larboard tack ; and in this way the quantity 
that the north point of the compass-card might be drawn forward, by 
the general magnetism, mi^ht be either cancelled or doubled by the 
quantity that the north pomt might be drawn or driven to leeward, 
by the ship's inclination. A commander of a vessel, unacquainted 
with these magnetic anomalies, might, in making one passage, pro- 
nounce bis compass free from error ; and on anomer occasion might 
find his vessel one mile to leeward of the reckoning, for every five 
of her distance run. What would he do ? Why, place his errors to 
the account of a strange and unaccountable current ! 

P» th9 SOtti Qt July, m%^ H. M. S. Vangimdx Qw^iaixn aw liwA. 
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Dnnn, being some 80 or 100 miles south-west &om the Lizard, and 
being sure of their position, shaped a coarse for the Lizard, with a 
moral conviction of correctly making the lights ahead. The weather 
was perfectly clear, with a fresh breeze from the north-west ; but the 
ship got a long way to leeward of her intended course. On her 
arrival at Plymouth, the circumstance was mentioned to the writer, 
who gave Sir David Dunn and the officers a practical demonstration 
of the way whereby the north point of the Vanguard's compasses 
was drawn forward as well as to leeward, on a north-east course with 
a north-west wind. 

Those who have clear conceptions of magnetism, and who know 
something of the composition and resolution of forces, will have no 
difficulty in comprehending how these results must influence a ship's 
reckoning; but those who have not paid attention to the subject, 
would, in order to follow our reasoning, require practical illustration 
by means of a model. It is one thing to enunciate a principle, and 
another to make the reader comprehend it. 

§ 34. I might easily quote recorded instances of errors arising to 
the reckoning of ships under my immediate charge, in order to bear 
out the conclusions to which we have arrived ; but I deem it more 
fitting to refer to cases of disaster at sea, with which the public may 
be better informed — cases where ships have run ashore with fair 
winds, steering compass courses intended to lead them clear of all 
danger, but which really led them to destruction. If it can be shewn, 
as I have shewn, that, when the local magnetism of ships is generally 
of such a character as to cause the vessel to deviate from her intended 
course in one particular direction^ the mariner is forewarned of his 
danger : he ^ows on what side of the course the ship is likely to 
diverge, and takes his precautious accordingly, even if he should be 
in a ship where no pains have been taken about the steering 
apparatus, and where nothing whatever has been done to determine 
..the deviation of the needle on the different courses the ship is liable 
to steer. 

The British and North American mail steamer, Columbia, sailed 
from Boston, on the 1st of July, 1843, for England ; and shaping a 
course for Seal Island, on the 2ud ran directly upon it, and became 
a total wreck. The sea was quite smooth at the time, although the 
weaUier was hazy. All the crew and passengers were saved by the 
boats. A committee of the House of Commons, appointed to enquire 
into the cause of shipwrecks, summoned witnesses to give evidence 
relative to the loss of the Columbia ^ and that evidence is worthy of 
notice, although it does not appear that the committee derived muoh 
information from it. 

A fine well-appointed steamer, leaving a harbour on one day, and, 
with fine weather and smooth water, running the next day directly 
ou an island, for which a correct coarse had been shaped, offered a 
problem of some interest to solve : for the magnetism of the ship 
aad the compass were involved in it. 

If the case had been investigated by a committee of experienced 
seamen and practical navigators, they would have disentangled 
sxtnaeous eFidenoe; and arrived at the foots oi the 990^ which mpo 
f§t/ iunU'WitiYO, 



The captain stated, in his evidence before the committee on ship- 
wrecks, that, dnring the two years he had been employed in the 
Company's steamers, the ships were always found to be abont 20 
miles to the southward of their reckoning, in crossing the Bay of 
Fundy, between Seal Island and Boston Lighthouse, when shaping a 
course of E. | N. or W. i S.; that this constant southerly set of the 
ships was ascribed to an " outset," or southerly current ; that the 
Columbia shaped the ordinary course of E. | N. by compass, on the 
1st of July, and on the 2nd ran upon Seal Island, when they 
expected to be, as usual, many miles to the southward of it. The 
conclusion they then drew was, that the outset, or southerly current 
had ceased to run. Similar evidence was given by other witnesses, 
and the committee appeared satisfied. One member asked if the 
Columbians compasses were correct; and was informed that they 
were. The witness was asked how he knew the compasses were 
correct ; and the reply was, that the Columbia had recently had her 
compasses Tnade correct by a scientific person at Liverpool, who 
swang the ship round, and was a whole day about it, and who placed 
magnets near the compass. This information appeared to satisfy 
the committee, and may probably please those who undertake to 
adjust the compasses of ships, and gain a living by the process. 

In reading over the evidence, it appears clear enough, that the 
mail steamers employed by the Company were always found to the 
southward of their reckoning, in crossing the Bay of Fundy ; and this 
southerly set of the ships was oonsidered as the result of a current 
setting out of the Bay. The fact is, that these steamers would be as 
far as compass-deviations are concerned, very similar to other 
steamers. Their engines, &q. would attract the north point of the 
compass-needle forward, and thereby cause the vessels to diverge in 
a more southerly direction than their compass indicated the courses 
steered. If these vessels' compasses had never been adjusted by 
magnets or other means, their deviations in a southerly direction 
would have continued up to the present time ; or, if the Colurnbia^a 
compass had not been touclied hy the scientific person at Liverpool ; 
in all probability she would have cleared Seal Island, and gone on 
safely in crossing the Bay of Fundy, and recording in her log-book 
the hypothetical " southerly set." If the gentleman who adjusted 
the Columbia's compass, and made it correct by magnets, had even 
said to the master, " I found your compass had considerable errors, 
and no doubt you generally found the ship to the southward of her 
reckoning. I have now made the compass sensibly correct, so that 
for the ^ture your ship wUl not be so frequently found to the 
southward of her intended course." An observation of this kind 
would have opened the officer's eyes, and the loss of the steamer 
might have been avoided. The true bearing of Seal Island from 
Boston Lighthouse is N. 74° E., distance 225 miles; and the 
variation of the compass is about 10 degrees westerly. Now, the 
course shaped by the Columbia^ as stated by the captain, was E. ^ N. 
to which if we add 10^ of westerly variation, we obtain E. 15° 87' N.; 
or N. 74P 23' E., consequently the course the ship shaped v)a$ direct 
for ikal Island. That the compass was correctly a^usted, tiiere is 
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litild doubt, and the steerage of the vessel, in light winds and smooth 
water, must have been good, otherwise the vessel wonld have cleared 
the fatal island.f 

A deviation of less than 5° on an E. ^ N. conrse, for a distance of 
225 miles, wonld set the vessel 20 mUes from her intended Erection. 
It is therefore probable, that the Colnmbia's compass had originally 
an error of 4 or 5 degrees on an E. ^ N. or W. J S. conrse. 

It is well known — and the public have paid pretty handsomely for 
their knowledge of the fact — that onr ships, when running up 
Channel with a fair wind, run ashore more fi*equently on the coast of 
France than on the English coast ; that is, they get to the sou^ward 
of their reckoning. The coasting steam-vessels that regularly ply 
between Cork, London, Plymouth, and Dublin, know from ex- 
perience — without knowing why — that they must steer from the 
Start to St. Catherine's E. i S. by compass, and from St. Catherine's 
to Start, W.b.N. \ N. This they regularly do, traversing the same 
/ line in perfect safety by steering courses not given in their sailing 
directions, nor diametrically opposite to each other. It wiU he in 
the recollection of our readers, that the West India mail packet, 
Solway^ left the harbour of Corunna on a fine evening, and about two 
hours after rounding the light-house, run upon the rocks and went 
down along with the greater part of her passengers and ship's com- 
pany. The steamer shaped a compass course to clear the Island of 
Cisargas, but her compass was aflfected by the local magnetism and 
machinery of the vessel, and in the 6ame way that the Irish packets 
compasses are affected. The north point was probably drawn a point 
forward on a W.N.W. course ; and consequentiy, the vessel, instead 
of going W.N.W., was making a W.b.N. compass course ; that is she 
got to the southward of her intended route, ran upon sunken rocks, 
and in a few minutes went to the bottom. 

§ 35. In the month of November, 1842, several vessels were either 

lost, or in great jeopardy, near Boulogne. A ship called the Reliance^ 

of 1,550 tons, from India, having about 120 persons on board, and 

laden with a valuable cargo, ran on shore on the coast of Merlimont, 

when it was believed the vessel was on the English coast. This fine 

ship was destroyed, and about 115 persons drowned. The RdicMcef 

like many others, was a long way to the southvfard of her reckoning 

by steering a compass course that should have led her along the 

English shore. A good deal has been written about the loss of this 

fine ship ; but no sufficient cause has been assigned. We are, 

however, enabled to shew how this fine Indiaman, laden with teas 

and other Indian productions, should be misled by her compass, and 

run upon the coast of France, even with a south-west wind. The 

following extract is from a newspaper, dated 1st April, 1843 : — 

"During the last ten days, Mr. Kent and his associates, who 

purchased the wreck of tbe Reliance^ near^ Bnologne, have been 

busily employed in their endeavours to bring the wreck to land; 

they have found a chronometer, several silver and plated dishes, ana 

a large iron tanh, 46 feet long by 8 feet deep, and 6 feet wide." 

t See Table of magneac Aiipf (see. 19), and observe that the ''dip" at Montreal b 7^ 
/rnrater eAan «( Pi/mouth, therafore compaues adjusted in England will be in error at Bmt 



Am TBB KAXaxmVfi COHPAMtit 

Having made enqniries about this huge tank, I was infoinned by a 
genlJeman who knew the ship, and had seen the tank, that it was 
placed abaft the mainmast, and before the binnacle, and probablv 18 
feet below the compass. Now, here was a tank of malleable iron 
that would eiert a magnetic action upon the compass as powerfhl as 
that of a solid mass of iron of the same linear cUmensions ; that is, 
equal to 2,208 cubic feet of iron, which would weigh 468 tons. When 
the Bdiance was running up Channel, she was probably steering a 
compass course of E.b.S., and the wind being on the starboard 
quarter, the weather binnacle would be used. Now, the ship would 
have an inclination to port, and all that part of the huge iron tank 
that lay on the larboard side of the ship would attract the south point 
of the compass, and the weather end would draw the north point 
forward ; because, if a line had been drawn transversely through the 
body of the tank, instead of being in the plane of its magnetic 
equator, its starboard or southernmost end would have been elevated 
25° or 30° above it (see fig. 6) ; and therefore the ship was steering a 
compass course, under such circumstances as to be under the 
maximum magnetic influence of this immense tank. The tea and 
other things stowed above the tank would not cut off, or in any way 
impede its action on the steering compass, whose north point must 
have been drawn forward very considerably; for, at the time the 
ship struck, they supposed the vessel off Dungeness,* eight or nine 
leagues farther to the northward. If this huge iron tank had never 
been placed in the- after hold of the Beliance^ it is probable she 
would have arrived safely. Its presence must necessarily have 
produced a deviation in her compasses, and in the direction we have 
indicated ; for a cargo of empty iron tanks, when stowed in the hold 
of one of Her Majesty's Naval la'ansports, has drawn the north point 
of the compass 18 degrees forward on a W.N.W. course. 

In the year 1810, H. M. Ships Nymphe, Pallas, and IjAimable ran 
ashore on the south side of the Frith of Forth, when steering a 
course intended to lead them up to Inch Keith. How many of our 
men-of-war have been lost off the coast of Holland, at a time when 
the pilots believed the ships further to the northward 1 There is no 
current setting upon the Dutch coast ; on the contrary, there is 
actually an off-set by reason of the discharge from the rivers of 
Germany. That ships navigating high northern latitudes do 
generally get to the southward of their calculations is beyond any 
doubt; and that these errors in the reckonining arise from local 
magnetism is equally certain. 

§ 36. Three of the West India mail steam-packets have been 
wrecked, and three others of the same Company have run on shore, 
but were floated again.f Now, if these six vessels, being under the 
fall power of their engines, and steering a course by order of their 
commanders, which courses ran the ships ashore instead of clearing 

* Ships nmning np Channel, go with the flood tide, and cany more tiian 6 honn tide with 
them, and are therefore liable to be ahead of the reckoning. 

t Medina on iSirk't bland, Isis at Porto Rico, Solway near Corunna, Medina at Saba. 
Tevlot at Ower*, Tweed on Turk's Island; also a vast number of other iteamen «f the lUnrai 
Varj and Mercantile Marine. This was written in 184S. 
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adjacent dangers, it Ib evident, that the oonrses ordered to be steered 
were ei^er wrong conrses, or else the vessels' compasses were under 
the influence of local attraction ; and as the whoiU of these vessels 
were to the aouthioard of their computed positions in north magnetic 
latitudes, it is Mr to infer, that their compasses were deranged by 
the local magnetism of the steamers ; that is the north points of 
their compasses were drawn forward, and the south points repelled 
aft. It is not in the latitude alone that these errors arise, the 
longitude is equally affected ; for let a ship be steering a south-west 
course by her compass, and a distance of, say 100 miles ; then, if the 
compass be so acted on, by the ship's magnetic attraction, that its 
nortJi point be drawn forward half a point the difference of latitude 
made will be greater, and the departure leaa, than if the Compass 
had indicated a correct course. 

In 1849, a merchant vessel took in a cargo of machinery for the 
Mediterranean. The master, although unacquainted with magnetism 
or compass deviations, possessed a good share of prudence and 
eommon sense. On sailing from Ipswich, and shaping courses £rom 
one buoy to another, he found his vessel did not go in the direction 
he wished her to go ; in fact, he always missed tjbe buoys ; and he 
made this note in his log, '* I begin to think our cargo affects the 
compasses." He got, however to the North Foreland, and in 
steering a southerly course parallel to another vessel, he hailed her 
and found that both ship's compasses were alike; but in going 
through the Gull-stream, he made another entry in his log, " The 
sailing directions give the course through the ^GuU' to the 
Downs, S.W. \ W., and our course by the compass is W.b.S." This 
is exactly the kind of observations that seamen should make. 

This vessel steered by the land along the shore as far to the west- 
ward as Beachy Head, when the wind came aft, and a course was 
shaped W.N.W. for the Isle of Wight. Studding sails were set for 
the night; but towards morning, land was reported right ahead, on 
the French coast. Sail was shortened, the ship hauled to the wind 
on the starboard tack, for the English coast, which was made in due 
time. 

The prudent master then groped along shore to Plymouth, in 
order to learn what should be done. He employed an ap;ent, who 
applied to ihe writer, who ascertained, that on easterly and westerly 
courses the compass was three points in error, but correct at north 
and south. The agent wrote to the owner of the vessel, who replied 

" I cannot but think that Captain 's tale is a very strange one, 

as to his compasses being out of order through the attraction of the 
cargo. I have lately laden several vessels with the same sort of 

cargo, but I have never heard of such a tale as this of Captain 's 

before." Be that as it may, we trust the prudent captain did not in 
any way suffer for the steps he took to prevent risk to ship and 
cargo. 

g 37. The quality mid amount of the inductive magnetism, which 
the iron in a ship receives from the earth, are always of the same 
kind and intensity as that of the mimetic hemisphere where the 
tresael msy happen to be. When the needle dips towards the south 
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mafifnetlc pole« ihe higher parts of the iron on hoard wiU ha?e a 
south magnetic polarity, and will draw the sonth point of the 
compass-card forward in a vessel when steering an easterly or 
westerly course ; in a word, the magnetic phenomena, which we have 
descrihed at some length, will, in south magnetic latitude, he found 
of an opposite kind to that in corresponding dips in north magnetic 
latitudes ; there ships will generally get to the northward of their 
dead reckoning. 

The southern seas, however, are not covered with vessels as are 
the waters north of the equator. The relative proportions of land 
and water in the two hemispheres of the earth are very unequal ; for 
it may be seen hy a map of the world, that the equator marks to the 
southward about nine-tenths of South America, one-third of Africa, 
Madagascar, Australia, New Zealand, and the Polynesian Islands. 
If we analyze the naval statistics, and add together the whole 
shipping of these southern countries, it is presumed that England 
alone will he found to posses a greater number of vessels in its 
coasting trade. 

We frequently hear of vessels, when in south magnetic latitude, 
getting to the northward of their dead reckoning, on the coast of 
Australia, near, the Cape of Good Hope, or in Soulh America. 
Several valuable ships have got on shore in South Africa through 
errors in the reckoning ; that is, by being further to the northward 
than was expected.f 

H.M.S. Thetis sailed from Rio de Janeiro, on the 4th December, 
1830, having on board 800,000 dollars, for England. On the evening 
of the 6th December, sh« ran upon Cape Frio, aiid was wrecked. 
The weather, after the Thetis left Rio, was rather tempestuous ; it 
blew strong from the south-east ; a course was shaped N.E.b.E. 
by compass, and the ship ran against the cliffs of Cape Frio, her 
studding-sail boom-irons striking fire from the rocky cliffs, at a time 
when her dead reckoning placed the vessel thirty miles from the 
land. 

Whenever enquiries are made about the loss of ships that have 
run ashore, we invariably find the currents of the ocean are assigned 
as the cause. It is even probable that a current may have set the 
Thetis to the westward ; but we are certain that tiie local magnetism 
of the ship would have the effeet upon her steering compasses of 
indicating a course more easterly and less northerly than the ship 
was steering. We have already demonstrated, that vessels steering 
a north-easterly course in the English Channel invariably get to the 
south-eastward* of their reckoning. Now, the Thetis being in smith 
nuujnetic latitude^ would diverge to the north-westvMrd of her 
reckoning, and it is not necessary to have recourse to an imaginary 
current to account for her loss. 

§ 88. Old captains of ships,!}! who have made many voyages firom 

t The Biithor speaks from pervinal experience, hayinir passed round the Cape of Oood 
Hope sixteen times. Many merchant vessels have got ashore on the south coast of Cape 
Colony, and several of her Majesty's whips have f^onnded or been vrrrcked here, by steering 
wronic courses; namely, the Birkenhead, Rhadamanthus, Ace. One large steamer was 
wrecked on cape ReaflR!, and another narrowly escaped the same fate on tbe Bird ItUsMli, 

X Wo refier to wooden-built thlpt, onder canvasa 
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Englftncl to India, and who have had to cross the trade winds, wil], 
on reference to tlieir logs, find that, on one side of the equator, 
errors in the lonpritnde, hy dead reckoning, have accumulated, and 
on the other side these errors have disappeared; the ship's 
longitude by dead reckoning, in the end, agreeing with that hy 
chronometer. The ordinary track that ships pursue, in their out- 
ward voyages from England to India, is to the south-west ; and so 
long as they continue to steer towards the magnetic equator, they 
are, for reasons already given, liable to he to windward of their 
reckoning, that is, to the eastward: but when they have passed the 
magnetic equator, and advance towards the south magnetic pole, 
where the needle dips to the southward, and being on the larboard 
tack, they are liable to be to leeward or to the westward of their 
reckoning, by reason of the ship's local magnetism having changed 
its character on crossing the magnetic equator. 

H.M.S. Malabar ^ 74 guns. Captain Sir George Sartorius, left 
Plymouth in June, 1842, for Rio Janeiro. On the outward passage, 
her longitude by dead reckoning was carried on in her log, and the 
errors went on increasing in north magnetic latitude, but diminished 
a» Rhe approached Rio. This ship returned to Plymouth in May, 
1843, her longitude by dead reckoning from Rio Janeiro to the 
Lizard being carried on in the log, and the error amounted to 9° 36'; 
i.e. the ship was nine degrees and thirty-six miles to the westward 
of her reckoning. The Malabar was a small 74-gun ship, built of 
teak wood, and armed with heavy guns; she was moreover, not a 
stiff ship, but inclined with a fresh breeze some ten or fifteen 
degrees. She had to cross the south-e&st as well as north-east trade 
winds, and consequently had to sail near 4,000 miles on the star- 
board tack. On her way from Rio to the magnetic equator, the 
Malahary like the Thetis, would get to the northward and westward 
of her reckoning; and when she entered into the north magnetic 
hemisphere, her inclinatian to port would cause all her lee guns to 
attract the north point of the compass, and the weather guns to 
attract the south point. In this way, and during the transit of the 
north-east trade wind, and probably for a distance of 2,500 miles, 
the ship's compass might indicate a course nearly one point more 
weatherly than the vessel made through the water. 

Mr. Barlow, the master of the Malahar, and others, informed the 
writer, that whilst the ship was standing to the northward on the 
starboard tack, they found a difference of 5° between observations, 
made for the variation, upon the weather side of the poop deck, and 
similar observations made upon the lee side of the same deck at the 
same time ; hence it resulted, that observations made for th^ sun's 
azimuth and variation of the compass were not to be depended on. 
We are sometimes told, that a binnacle compass will not be influ- 
enced by a ship's local attraction, if the direction of her keel co- 
incide with the direction of the magnetic meridian. But this 
opinion is incorrect, and founded on tlie supposition, that the local 
magnetism of a ship may be referred to a central point near the 
middle of the vessel, and that it remains constant ;t an opinion at 

t Burlow on HagneUo Mtsaetloii,tai^onx\^\,'e.^. 
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variance with the doctrine we have detailed, and the demonstrations 
we have given. The errors that creep into a ship's reckoning no 
doubt frequently arise from currents. Navigators may likewise get 
out, in their reckoning, by making allowances for currents that do 
not exist ; but the great source of errors in navigation consists in 
had steering, and ignorance or inattention to the magnetic attraction 
and repulsion of IJie iron in a vessel, which derange the compass 
courses. 

Practical Rtdes for Mcertaininfj the Deviations of tlie OompasSf 
wTdch are caused hy the Iron in Ships, were published by order of the 
Lords Commissioners of the Admiralty, in 1842 and 1852, where, in 
§ 8, I find the following sentence relating to the points upon which 
there are no deviation: "Experience, however, has shewn, that 
when the points of no deviation in any vessel have been once deter- 
mined in a compass, placed as above directed, and always used in 
the same place, they may be regarded as constant, provided that no 
extraordinary or unusual change be made in the amount or distri- 
bution of the iron in a ship." The words here quoted are also to be 
found in a work by Captain Johnson,t — a work containing much 
valuable information obtained from observations made in H. M. 
ships, where good observers and excellent instruments were to be 
found At pp. 104-5 of the second edition of Captain Johnson's 
book, we find tabulated deviations, as found in three iron steam- 
vessels, and five wooden steam-ships of the Hoyal Navy, which had 
their deviations ascertained in England, and e^er^ards at distant 
parts of the world, where they were swung for the purpose of again 
ascertaining their compass errors on each point. I have examined 
these tables with some care, and find that, in almost every case, the 
points of no deviation, and points of greatest deviation, have not 
remained constant, even though the ships have not passed from one 
magnetic hemisphere to another. From the tables above referred 
to, I have extracted and tabulated the compass errors of H.M.S. 
Centaur, swung first in England, and then near the magnetic 
equator ; H.M.S. Geyser, swung first in England, and afterwards at 
the Cape of Good Hope, where the dip is about 53° S. ; and lastly, 
the Acneron, swung first in England, and secondly at New Zealand. 
This table will satisfactorily demonstrate, that not only do the points 
of maximum and minimum compass deviations change places on the 
compass-card, but that the deviations from pHus become minus 
quantities, a short time after the ships pass from one magnetic 
latitude to another. 

t Practical Illastrationsortheneoenitjfor astsertainlns the Deriations of the Compau. 
By Captain Edward Johnson, R.N., F.II.B., Saperlntendent of the Compass Department of 
the Boyal Hkwj, p. 91. London : Potter, Poultry, 1858. 
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The above table ahaire, tbat when tbe sbips' hendi are at north or 
sontb b; Btaudard campiuB, tbere are conBlderBble errors. In the 
Centaur, tbe north point of her compasB is attracted tonarda the 
starboard aide. Id tlia Oeyser, her compaas ia attracted to port. 
In tbe Acheron, wbilat in England, Ihe north point of her compaaa 
was attractad to starboard, bat when she had'reached New ZeaUnd, 
her compasB, at north or aoath, was attrseted towards the port aide 
of the ship ; and abnoat alt the ai^s oF compasa deviaUons bad been 
changed. In these abipa, it ifl evident tbere waa an nneqnal distri- 
bntion of indnced magnetism on opposite aides of the ships ; and 
hence tbe apparent compleiitj and irregnlaritj in the amount of 
compass deviations on the saiiie coorses in different latitudes. 

The reaullont points, or points of least and greatest deriatioD, it 
is evident, have varied remarkably. Far eiample, the greateai ei ror 
efthe ii^aer'a compass in £n)^H.uU aas, on a ti.W.bW. conne, umI 



±5 11** westerly ; at the Cape, and on a W.N.W. course, it wfts= 
OP 10' westerly. 

In the Acheron^ the greatest errors were near E.N.E. and W.S.W. 
in England, but at New ZesJand her least errors were N.E. b E. and 
W.S.W. ; whence we may infer, that these resultant points, instead 
Y)f remaining constant, do actually change places, in some ships, 
when passing from one magnetic hemisphere to another of an 
opposite kind, but nearly of an equal amount of dip or inclination. 

Captain Johnson, in his second edition, at pages 106 and 108, 
makes favourable mention of two pamphlets, detailing methods 
proposed for reconstructing a ship's compass deviation tables at sea. 
These methods are grounded on the assumption, that the compass 
courses of greatest and least errors (result^uit points), remain con- 
stant everywhere ; but as the tables I have referred to clearly shew, 
that, in iron as well as in wooden vessels, the points *of greatest and 
of smallest compass errors may change 50 or 80 degrees upon the 
compass-card, the intelligent mariner will do well to resort to fre- 
quent amplitudes and azimuths for determining the errors of his 
compass ; for, in all cases, the difference he finds between the calcu- 
lated and observed compass bearing of the sun will be the quantity 
he should apply to correct his course at the time of observation. 

The variation, properly so called, and the deviation caused by the 
ship's local magnetism, wiU always be involved together in the 
observations he makes, whether by amplitude or azimuth. 

§ 39. Being in command of a King's store-ship (the vessel referred 
to in § 1), filled with new iron water tanks, and bound down Chan- 
nel for Plymouth, on the SOth December, 1818, I was of opinion, 
that these wrought iron tanks would exert an additional influence 
upon the compass. A W.N.W. compass course was shaped from St, 
Catherine's point for the Start. There was a fresh breeze at east, 
with clear weather ; but at daylight, instead of making the Start, it 
bore N.N.E. 21 miles. In this case, the ship was at least 8 leagues 
further to the southward than she ought to have been, by steering 
W.N W. I was not then aware of the fact, discovered by Professor 
Barlow, that an iron tank would exert a magnetic influence equal to 
that of a solid of iron of the same linear dimensions. 

On the 26th of March, 1803, H.M.S. Apollo sailed from the Cove 
of Cork, (now Queen's Town), with a convoy of seventy sail of 
merchant ships ; on the 2nd of April, at three in the morning, tJie 
frigate and forty sail of her convoy went on shore, on the coast of 
Portugal, at a time when they imagined themselves three degrees to 
the westward of their real position. The loss of these ships may be 
ascribed to the local attraction of the frigate upon her compass ; for 
about thirty sail of the convoy had, during the night, wore to the 
N.W., and thereby escaped destruction. The Apollo and her convoy 
had been steering for several days in a south-west direction. The 
north point of the frigate's compass being attracted forward, would 
thereby indicate a more westerly course than the convoy was making 
and hence the melancholy loss of so many ships together. 

Being assistant master-attendant of Plymouth dockyard, in the 
je9x lo^, I WM wat to Pemhaioke to Iftwcli and ecyuig ii«M..^« 
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^oyal WiUtami 120, guns, for removal to Plymoutli. I had orders 
not to put to sea without two steam-frigates, that had directions 
from the Admiralty to join me at Milford. They ultimately arrived, 
and towed the ship down Milford Haven and out to sea. Sail was 
then made on the three-decker, the two steamers, and the Pantaloon. 
Symptoms were seen of the wind promising to draw round from N.W. 
to W. and to blow fresh, and I shaped a course for Scilly, instead of 
for the Land's End. The large ship, being light, clean, and well- 
rigged, out sailed the other vessels ; but Captain Oliver, of the Bee, 
getting within hail, enquired how long I intended to steer that 
course ? I replied, *' Till I make Scilly." The wind increased its 
force, and the Jioyal William her speed to 11 or 12 knots an hour ; 
and the two steamers and brig were left far astern. The line-of- 
battle ship's compasses were perfectly coiTect. She made Scilly 
light; bore up. for the Longships, passing between them and the 
Seven Stones ; rounded tlie Land's End, and ran up Channel with 
a strong wind backing to the S.W.; — which enabled her to sail 
direct into Hamoaze without stopping. 

The two steamers and brig had continued their course in the 
track of the large ship, under full steam and a crowd of canvas ; and 
in a dark and rather stormy night made the breakers of Scilly nnder 
their bows I The brig tacked ; the steamers backed and shortened 
sail and stood to the N.W. till daylight ; then search was made for 
the line-of-battle ship, which was nowhere to be found. In the 
course of the day, they reached Plymouth, and not finding the ship 
in the Sound, were alaimed for her safety. It now turned out, that 
the compasses of all these vessels were under the influence of local 
attraction. They had never been swung, nor had their compass 
errors been examined in any way. The compass courses they steered, 
in following the Moyai WiUiamy ought to have carried the steamers 
and brig far to the westward of Sdlly. Their compasses indicated 
wrong courses : the compass in the large ship was correct. 

I was ordered to return to Pembroke for another line-of-battle 
ship, taking a passage in the steam-ship SaUmMiider^ coiumanded by 
Captain, now Hear-Admiral, Austin. The adventure of the Boyal 
WiUiam induced us to make many observations on the local attrac- 
tion of the steamer, on our passage to Pembroke. 

We took the Camel, dockyard lighter, in tow, and, rounding the 
Longships, shaped a course for St. Ann's Point, with a firm con- 
viction on my part of making St. Govan's Head. The wind shifted 
to the S.W. with thick weather ; but being prepared in every way for 
making land, at a distance of half or three-quarters of a mile, we 
went boldly on, keeping a sharp look out ahead. As we neared the 
Welch coast, we were amused as well as instructed by the careful 
master ot the lighter astern, standing upon the bowsprit and waving 
his liat for us to keep more to port. At last, and without leave, he 
lot go the U^u) roptf and " hauled up" two or three points. We went 
on as bt^lore, and as was expected, made St. Govan's Head instead of 
St. Ann s Point. 

lUe master of the lighter knew by his compass (which was right], 

tiMf yi^ »i4;fauvF Yy(*9 i^wtarMAg » wrusg comsoi U:f object ytM t^ 
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prove how dangerous it was to place reliance on a compass in a 
steam-ship, when her local attraction was unknown ; and my object 
in recordmg so many instances, even at the risk of being tedious is 
to impress upon the minds of navigators tiie imperative necessity of 
being ever watchful and careful of their steering apparatus. 

The general use of chronometers, the correctness of our logarithm 
mic tables for practical astronomical purposes ; the accuracy of oui 
astronomical and mathematical instruments used for naval purposes 
have left us little to desire for all the purposes of practical navigation 
so long as the state of tlie weather will allow us to make astronomical 
observations. But the possession of good instruments, charts, and 
books have made navigation so easy and accurate in clear weat/ier 
that the necessary care and attention, under ordinary circumstances, 
to the helnij tog. Lead, and look-out, have been sadly neglected by the 
majority of seamen. The result has been, that worse dead reckon- 
ings are now kept than were kept before. The general adoption 
of iron into the construction and equipment of ships, deranges the 
compass courses, and a record is made on the log- board, of courses 
that the ship never steered; that is, the log-board only shews a 
compass course, instead of the magnetic course, uninfluenced by the 
local magnetism of the ship or her cargo. 

When an observation for the latitude is obtained at noon, this 
latitude enables the navigator to correct his longitude by dead 
reckoning, and also to work out his sights for the chronometer; 
but when a ship has been a day or two without obtaining an 
observation to determine her latitude, there may be a considerable 
error in the latitude by account. Now, if sights be obtained for 
determining the longitude by chronometer, and the mean time for 
these sights be obtamed by applying to the calculation a latitude 
which is not the latitude of the place where the observations were 
made, it is evident that the longitude obtained by such a calculation 
must be wrong. 

H.M. iShip Challenger ir&s wrecked on the coast of South America 
in consequence of placing too much confidence in calculations of the 
above description. She had not obtained an observation for her 
latitude for two days ; her latitude by account was eTn^oiieovs to the 
amount of thirty-four miles, and this latitude being used for working 
sights obtained for her chronometer, the computation gave a longi- 
tude one degree to the westward of the ship's place.f 

§ 40. The makers as weJl as the managers of mariners' compasses 
should thoroughly understand the elementary principles of magne- 
tism. The compass, like chronometers and other useful machmes, 
should be subuutted to some test of its efficiency after it is made, 
and before it is ottered for sale, or brought into use at sea. The 
compass, although less costly than even a common watch, is infl- 
nitely moru useful than th3 best chronometer. A coiipass is not 
subjected to any tria^ or test of its accuracy of mi Jiufactare, its mag- 
netic intensity, or the amoujit of its friction on tte pivoi upon wnica 

t Vide sentence of Court Martial appointed to enquire into • lie causes of tlie loss of the 
Challenger. buiuuer'« metJiod for vcxiiijiag a ship'd position tffot&i a check upen the 
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the cArd trarerses, and the amount of its direotiTe power, compared 
with the weight of the needle and its card. Generally, we may re- 
mark, that neither the vendor nor the purchaser of a compass knows 
much about these matters ; the former being satisfied if he realise a 
good profit, and the latter being pleased if he purchase a handsome 
article. 

The essential qualities of an efficient compass are, great directive 
power combined with little weight or friction on the pivot ; the com- 
pass-bowl being freely slung in jimbals attached to tiie box, so as to 
preserve a horizontal position under all cases ot the ship's rolling 
or pitching. The steel of the needle should be of pure metal, of 
unilbrm hardness throughout, and magnetised to saturation, and the 
magnetic intensity of a compass-nee^e should be preserved by all 
possible care. We have said, that a compass-card should be sub- 
mitted to some test. Now, a very fair and efficient test of the mag- 
netic energy of a compass-needle is to try if two similar cards will, 
by their mutual magnetism, support each other's weight ; that is to 
say, if the north point of the needle of one card be applied to the 
south point of a similar one, and tiieir mutual attraction be such as 
to support the weight of the card, the magnetic 'intensity of snoh 
needle may be regarded as sufficiently strong if they mutually sup- 
port each other's weight, along with the cards they respectively 
carry. Now, the magnetic intensity or power of every compass- 
needle should remain permanently a constant quantity, and this can 
only be accomplished by each ship being supplied with a pair of arti- 
ficial magnets, of sufficient power to renovate the magnetism of the 
compass-needles, whenever the test might indicate that they required 
re-touching. The magnetism of a single needle is, probably, best 
preserved by allowing it to traverse freely on its pivot, or else to be 
stowed in a direction parallel to that of the magnetic dip ; for if it 
be placed, say, with its south pole (or north point), towards the south 
pole of the world, or mce versa, its miiguet^c intensity will decrease ; 
or, if a compass be placed near to a large mass of iron, in such a 
manner that the magnetic polarity of the iron may act so as to con- 
trol the magnetism of the compass, to a certain extent, by acting in 
a contrary way to that of terrestrial magnetism, then will the mag- 
netism 01 the compass-needle be deteriorated. If, for example, the 
south point of a compass-needle were placed near to the upper end 
Ox a vertical iron pillar, the needle would be deprived of a portion of 
Its magnetism ; but if the north point of the card be placed near, or 
in contact with the upper end of the pillar (m north dip), the mag- 
^^S? ^^^^Sy ®^ ^^® compass-needle would be augmented. 

We have mentioned, that the magnetic poles of the same name or 
™<1» m^ any two similar and equal artificial magnets, repel each 
^ner. There is a constant effort exerted between them to obtain 
J^e mastery, anc. so they mutually destroy their magnetism ; and if 
*wo such magnets be so situated for a considerable time, their maff- 
netism w 01 be nearly destroyed.f 

naadilf^^k ' ^'^J^ * Liverpool Steamer, a steering compass>card having two parallel dinpina 



'mi Kffl TBS lumnit'i co»iM. 40 

TheM vu formerl; a eommon Bteerina-eompuB, made b; Jobu 
Syeda, in Jane 1810, in tlie binnacle of tba Plymonth Breakwater 
ligbt-TeBsel ; it was the onl; compass in the veeael, and bad been 
twenty-eiaM years in her. No care bad been talten of tliia card, 
whiob had remained in ita boi for to many years, and yet it retained 
a conelderable amount of nuf^etiBiii. If Uiie card, instead of hariDg 
one needle only, bid been fitted irilb two or more eqnal and eimilar 
parallel needles, we rentnre to asBert, from the principles we bava 
ezpluned, tbat the macinetic force of tiiese needles wonld, in a eom- 
paratirely abort period of time, bave been rediiced to Ibe nataral 
Btandaid of the eartb'a magnetiBm. Tbo spare oompasa-cardg, 
carried lo eea in abipa, ebonld be atowed in baiee, and their opposite 
polea conneated by piaaes of loft iron, in the jndiciona manner 
recommended by ProfeBBor Barlow, and praetiBed in the Royal Nary. 
S 41. We have already shewn, by experiment, bow the changeabU 
polarity of the indootiTS magnetism, m the metala within a ahip, 
either drawi the DOmpasB-needle qnietly aside from ita correct mag- 
netic bearing, in amootii water, or else cnnees tba compasa-eard to 
maintain a eonatant oaciUaUon of a point or two, on each aide of the 
conrw, when a ahip rolla hearilyn-om ude to aide in atormy weatber. 
(S 35). Tbeae troobleaome oacUlationa give rise to the moat Bsiioua 
obalacleB to good steerage. There are bat few helmsmen to be 
foond vha eaa steer a ship in stormy weather, whan ttie compasa- 
csTd ia swinging abont with erery roll or larch of the ahip. And 
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It is nnder sncb eircnmBtsnceB as are describad by Fslaonar, that 
we are taught to appreciate the irorth of a good helraeman, and the 
Tttlae of an efficient corapaaa. One card is eiohangad for another, 
and veak naedleB are loaded with heavy weights, in order to lessen 
the osciJlstionB ; but neither brass bars, nor bnian rings, wax, paper, 
nor talc, can cure the evil; for aa we increase the weight and fric- 
tion of the card, we only make it the more alnggieh and unfit for 
the helmsman's use, who, Instead of being guided bj the compass 
In the binnacle, must ever and anon keep looking aitad at the 
elooda, the waves, or the stars ; for be Snda, that a olonish compsas 
does net indicate a change in the direction of the Silp'a coarse, 
mildl Bocae time after that change baa taken place. 

i 42. The brasB-boi eompasa having been found to ba mora steady 
than wooden-boxed oompaBses, the latter have been almost entirely 
laid aside, witbont aaffldent reason ; for it is admitted, that a com- 
pass-needle moonted in a wooden box is more sensitiTe than one in 
a brass box, when all things ara aqnaL Let as enquire how this 
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happens.* The comparatire magnetio indactive snseeptibUity of thd 
metals is very considerable ; That of copper to mahogany as 29 : 0,37, 
or as 78 : 1 nearly. Now, all magnets have a power of communicat- 
ing a certain portion of magnetism to substances brought within 
their spheres of action. Thus a magnetic needle enclosed in a 
mahogany box would communicate a magnetism to the box; tiie 
nortb pole of the needle imparting a south polarity to the wood near 
it, and the south pole giving out a north polarity to that part of the 
wooden box opposite to the south pole of the magnetic needle. 
There would, therefore, re&olt a certain amount of attra/ctum between 
the ends of the magnetic needle, and those parts of the wooden bowl 
nearest to \he needle ; and as the magnetism is taken up in less time 
than it is parted with^ the induced magnetism of the box would tend 
to retard any oscillation of the needle. The magnetism of mahogany 
is very small indeed, and can only be detected by such delicate and 
elegant instruments as were used by Sir W. Snow Harris ; but the 
magnetic inductive susceptibility of copper or brass being about 80 
times greater than that of wood, its effects become sensible and 
apparent. We see, then, that a copper or brass-mounted compass is 
more steady in a gale of wind, because its box is inductively magne- 
tised from its enclosed magnetic needle ; and, therefore, although it 
be really more steady in its vibrations, it is also more sluggish in 
its motion than it would be if mounted in wood instead of metal. 

Every ship should have a standard compass, of a superior desciip> 
tion, fixed in some convenient part of the ship, and raised above the 
ordinary level of the binnacle, in order that bearings, amplitudes, or 
azimuths, may be the more convenieutiy taken by it. The compass 
course of the binnacle should be referable to the standard compass, 
and corrected accordingly, the local attraction of the ship on each 
point being previously found on the standard compass, as the ship 
swings round the horizon. 

The steering apparatus, instead of being, as heretofore, consigned 
to the care of the boatswain, and stowed away in his store-room, 
with iron hooks and thimbles, chain cable gear, &c., and adjacent to 
the carpenter's and gunner's stores, with all kinds of metals, will in 
future be placed in the master's charge, who, being entrusted with 
the navigation of the ship, is of course the proper officer to have the 
care of the mariner's compass — the most important of all machines. 

The maker of compasses aims at making money, and he makes 
his needles, not of pure hard steel, but of soft iron pointed with 
steel. Such needles are easiest made and most readily magnetised, 
and they require more frequent repair and cleaning. Being stowed 
away without care or attention, these nee^es soon lose their mag- 
netic energy, and are returned from ships to their makers rusty and 
unserviceable ; and are sent for repair, for which there is a prioe^ 
and also a price for re-toucliing weak needles. The consequence of 
aU this is, that the expense of the compass department is greater 
than it should be. 

§ 43. The generality of sea-faring men are not so well informed 
about magnetism as they should be. How ^ can they, since philoao- 
# Ib0 Cbineie a,y<Ai the use of metal in the mounting of their eompaaees. 
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phers differ in opinion about their respective theories ! We have 
touched but lighUy on these theories, as our object has been rather 
to teach the navigator a few of the fondamental principles of terres- 
trial and inductive magnetism, upon which the practical utility of 
the mariners' compass depends. These principles should form a 
part of the navigator's education : they are essential to the practica 
of his art. 

When Mr. Norman, the compass maker, discovered, in the year 
1580 (§ 9), the tendency a magnetic needle had to dip and depart 
from a horizontal position, when balanced by him, previous to the 
needle being magnetised, he found it necessary to add a weight to 
tiie south arm of the needle to restore the card to its level. He 
made the first dipping needle ; but it never occurred to him, that, 
by adding a weight to the south semi-circle of his steering compass- 
cards, he was adding to the errors of the mariner's compass. Strange 
to say, the practice has been continued up to the present time. 
Philosophers, too, have lent their sanction to ancient practice ; so 
that the compass has been actually made mechanically incorrect, 
by erroneous views being taken of the philosophy of its mechanism. 

We are taught to believe, that all heavy bodies tend or gravitate 
in a direction perpendicularly downwards towards the earth's centre, 
and that all ponderous bodies, when suspended by a string, or sup- 
ported on a pivot, will have their centres of gravity direcUy under 
the point of suspension ; that is to say, the point of suspension and 
centre of gravity wiU be in the same vertical plane or direction. 

This opinion is fallacious. It is only true of bodies that are not 
magnetic. A magnetic needle, when freely suspended on a point or 
pivot, has its centre of gravity dravmfrom. "beneath its point of support 
in all magnetic latitudes ; and hence a compass-needle, with the card 
and cap attached to it, may be regarded in a constant state of 
mechanical instability, unless it be at the magnetic equator, where 
the needle has no tendency to dip. 

When a plain unmagnetised steel needle is fitted to its cap and 
card, and placed upon its pivot in the compass-bowl, its centre of 
gravity will necessarily be directiy under its point of support; 
because gravity is the only force acting upon it. If all its opposite 
parts be similar and equal, the card will be perfectiy horizonttd. 
Let the needle be magnetised, and a new invisible force is intro- 
duced ; the north end of the needle dips or points downwards, and the 
south point of the needle is elevated ; and, consequentiy, the centre 
of gravity of the card has changed its relative position with the point 
of suspension. The magnetism has brought about this change, 
without adding any weight to the needle : the north point of the 
needle is attracted downwards by the earth's magnetism, and the 
south point is repelled upwards by terrestrial magnetism. The 
«sual means adopted to remedy this deflection of the compass-needle 
is, to fix sliding weights of brass to the needle, to restore the card to 
a level, and thus maike the card apparently in equilibrium. 

In order to make my meaning more clear, let the following 
figures represent sections of a common compass-needle, with its curd 
and cap resting upon the pivot. First, when pio^ecV| \^'Q3Aas^^^^Ql&s5^ 
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when magn^sed, and finnUy when re-ac(JMtea by a weight 
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Fig. 1 is fhe steel needle N S 

_^ devoid of magnetism : by the laws of 

^. mechanics, its centre of grayity and 

point of suspension in the agate P 

are in Uie same vertical. 



Fig. 2 is the same needle after 
beujg magnetised, and dipping 
towards the north. Its centre of 
gravity G is now drawn from nnder 
the point of suspension. It is now 
to the southward of a perpendicular, 
let fall from its point of suspension 
fit P. 



Fig. 8 is the same needle restored to its horizontal leveL by 
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r>ieans of the weight W, fastened to 
the needle near its sonti) point, which 
weight apparently restores the needle 
I to its equilihrium ; hut in reality 
determines the centre of gravity of 
the mass to he nearer to the smith 
than the north point of the needle. 
It is a self evident fact, that the 

south part of the card is made Jieavier than the opposite part ; and 
therefore their common centre of gravity is not in the same vertical 
with the point of suspension P, although it may appear to he so. 
The south arm of the needle is actually made heavier than the 
north arm, by the weight W.* And this is the condition in which idl 
ships' steering compasses are made, up to the present time. The 
mariner's compass, then, is an imperfect instrument, in a state of 
constant instability, by reason of the conflicting forces of gravity 
and magnetism ; yet no inconvenience arises in its use, m Jine 
loeatJier and smooth water. But when the sea runs high, and the 
ship is rolling or plunging about among the waves, the CQmpasa, 
which is always fixed at a considerable height above the ships* caeU 
of rotation^ is carried backward and forward, and in every dnrection 
through the air at the rate of 20 or 30 feet per second. Matter, by 
its inertia, resists any change endeavoured to he made in its slate, 
whether of rest or of motion. This is admitted on all sides, 
although doubts have been entertained about the amount or quan- 
tity of force required to put a body of a given weight in motion, 
Or, when moving with a given velocity, to stop it. Some have 
Maintained, that the moment of inertia, or rather the momentum 
o^ a body in motion, is as tiie simple velocity ; whilst others have 

* The weight W will always he a measure of the magnetism of the needle N 8, whoi 
'niii((p2/^ bjthe lerexag,9 from the ipivot P. 
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contended, that the force of a body in motion must be proportional 
to the square of the velocity with which it moves. 

§ 44. It appears to me, that every effect produced mast necessarily 
be proportional to the cause of that effect ; and that, when a body is 
in motion, we must take into consideration the quantity of matter 
in the body, and the velocity with which it moves. 

Now, the force arising from the quantity of matter in the body 
must necessarily be proportional to the quantity of matter ; and the 
force arising from the velocity of the motion ( as a cause), is neces- 
sarily proportional to the velocity of the motion. The whole 
force then, arising from the quantity of matter, and tiie velocity of its 
motion, must be proportional to tiiese two causes taken together ; 
and, therefore, in bodies of equal weight, having equal quantities 
of matter, and moving with equal velocity, their momento will be 
equal. 

If the force of a ponderous body in motion were as the square of 
its velocity, then would a cannon ball of 24 pounds, when moving 
with a velocity o^ 100 feet in a second, be arrested in its flight by 
coming in collision with a ball of only 6 pounds, and moving in an 
opposite direction with a velocity of 200 feet in a second. We know 
experimentally, that it would require a bullet of 12 pounds in weight 
and moving with a velocity of 200 feet in a second to stop it. To 
imagine that the motive force of a body of a given weight, when 
moving with a given velocity, is as the sg^re of that velocity, is to 
imagine that the force which arises from the velocity is equal to the 
square of itself. 

If this reasoning cannot be controverted, it is useless to suppose 
that any arrangement of sliding weights upon the needle of a 
steering compass, whether they be placed nearer to or further from 
the point of suspension, can be made to balance the card on a level, 
and at the same time make the inertia of the opposite semi-circles of 
the card perfectiy equal under all circumstances. 

If our reasoning be applied to a compass-card with an unmag- 
netised needle, mounted on its pivot in the usual way, in a compass - 
bowl, its centre of gravity would be in the same vertical as its point 
of suspension ; all its parts would be in equilibrium by the force of 
gravity; and although the card might vibrate by reason of its 
pendidous centre of gravity when put in motion, yet there would be 
no tendency in the card to oscillate or swing in a horizontal plane ; 
because the inertia of all its opposite parts would be equal, and the 
centre of its inertia would be in the same vertical line as the point 
of support ; in a word, there would be no reason or cause why the 
card should not remain on its pivot, without turning round or 
oscillating upon it. 

Let now the needle receive the magnetic touch in north magnetic 
latitude. The needle arranges itself in the direction of the magnetic 
meridian ; the needle dips, and drives the common centre of gravity 
of the card to the southward of its point of suspension. There is 
now a greater quantity of matter to the southward than there is to 
the northward of the pivot's point ; and u we put the compass in 
motioxi alternatt^ly in tm cu»t aad west direction, the south sexoi* 
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circle of the card lags heMndy by reason of its superior weight ; and, 
if we bring it suddenly to rest, me south part of the card goes on, by 
reason of its momentnm being greater than that of the opposite 
semi-circle, — the directive force of the magnetised needle striving 
to get the mastery of the disturbing mechanical force arising from 
gravity, and the unsupported position of the common . centre of 
gravity of the card and its appuiiienances. 

§ 45. In high magnetic latitudes, where the dip is great, the 
mariner's compass, in its present construction, must be regarded as 
a very imperfect instrument, by reason of the disturbing forces that 
exist between gravity and magnetism. Gravity acts in a line per- 
pendicularly downwards ; but magnetism acts in aline parallel to the 
direction of the magnetic dip, and varies in different latitudes from 
a horizontal direction, at the magnetic equator, to the vertical one 
at the magnetic poles. When a compass-needle is but slightly 
magnetic, and the card is comparatively heavy, such a compass will 
be very sluggish in smooth water, but tolerably steady in stormy 
weather ; but if the card be a light one, and its needle a powerM 
magnet, then will the compass be sensitive and serviceable in smooth 
water and fine weather, but unsteady and of little use in a storm. 
The reasons are obvious enough : a weak magnetism in a heavy card 
but slightly deflects the centre of gravity from its point of support; 
whereas a powerful magnetism in a light card has the effect of 
deflecting the centre of gravity very considerably, and consequently, 
the momenta of inertia in the opposite parts of the card must be 
very unequal, when the ship rolls heavily in high magnetic latitudes, 
and is steering a course near the direction of the magnetic nortli or 
south points of the compass. 

All kinds of plans have been tried to diminish this oscillation of 
sea compasses. Extra gimbals have been applied ; cards have been 
placed in rectified spirits of wine ; heavy weights have been added ; 
compass-cards have been mounted on their pivots like toad-stools on 
their stalks, and supported by metal braces like a lady's parasol^ 
or a gentleman's paropZwte ; cfiain cables have actually been shackled 
on to the lower side of compass-needles, in order that the ends of 
the chains might drag about in the compass-bowl, and as it were, 
moor the needle in the direction of the ship's course. Of course, 
all these patent contrivances were of no practical utility. How 
could they be ? Can the physician cure the malady without lowing 
something of the nature of the patient's disease ? 

Captain Johnson, superintendent of the compass department, 
states at pages 77 — 80 of the 2nd edition of his book, the result of a 
trial of different kinds of compasses in bad weather, on board the 
Garland steamer, between England and Ostend, in 1850, and made 
by direction of the Lords Commissioners of the Admiralty. 

The following compasses were then tried in the Garland: — 1. A 
standard compass on its elevated pUlar. 2. Mr. Dent's large compass 
in the binnacle. 3. A liquid compass by Mr. Preston. 4. A 
compass on treble gimbals, with point of suspension elevated one 
quarter of an inch above the plane of the card ; its pivot passisg 

^Lrongh a brwB ooUw similar to Mr, Walker's plan (bat oertoiftj^ 
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not my plan). 5. A compass with an edge bar needle, mby point, 
a specnlnm metal cap, and four ivory pins on the face of the card, 
their points being i of an inch from the glass cover when the card 
was on a level, or parallel to the cover — on Captain Johnson's plan. 
6. A compass by Messrs. Grey and Kean, of Liverpool, having a card 
suspended in doable central gimbals, with two needles on axes so as 
to dip. 

The results obtained, as stated by Captain Johnson, who was 
accompanied by Mr. Dent, in the uarlnndt are as follows : — That 
Nos. 2 and 3 were the steadiest under all circumstances ; but that 
when the vessel was running before the sea, or with the sea on the 
quarter, Mr. Dent's compass became unsteady : that compass No. 5, 
on Captoin Johnson's plan, and No. 4, in some measure resembling 
one of mine, were sufficiently steady to steer by, till the sea became 
turbulent and struck the ship, when the standard compass vibrated 
twelve points : Nos. 4 & 5, from one to one and a half points : No. 
6 (the Liverpool dipping compass), swung half round : and ordinary 
compasses spun wholly round. To remedy these oscillations of the 
Admiralty compasses, Captain Johnson states, that he has applied 
four glass beads, suspended from the glass compass-bowl cover, to 
within i of an inch of the card.* 

§ 46. We have now shown, that the mariner's compass, in its 
ordinary construction, is an imperfect instrument, and we have 
explained the nature of its imperfection ; we have also shewn in 
what way the induced magnetism of a ship's iron acts upon the 
compass. It remains to be shewn how the mariner's compass itself 
may be rectified, and how the magnetism of a ship's iron may be 
cut off from acting upon the compass, by means of ^e same kind of 
materials that disturb it in different magnetic latitudes, and not by 
permanent magnets. 

I stated in a former part of our subject, that an efficient compass 
should possess a great magnetic energy, with small weight and 
friction on the point of suspension ; and the reader wUl have 
noticed that these conditions appear to be incompatible ; they may, 
however, be united in the same compass. A small magnetic needle 
is comparatively more powerful than a large one, consequently there 
is some sized needle better tlian any other size ; for if we go on to 
augment the quantity of steel, the ratio of the weight to the magne- 
tism will increase ; and if we make the n< jcdle too small, the ratio of 
the directive power of the needle to the weight of the card it has to 
carry wiU be too small. Now, I have concluded, that in a steering 
compass, the needle, with its card and cap complete, should not 
weigh more than 1000 grains, nor less than 800; tiiat of this 
quantity the card should be made as Ilgl.t as possible ; and that the 
magnetic energy of the needle should be of a permanent nature ; 

• Here we find it officially tvported, in 1850, that in a heavy sea the Committee standard 
eompaw vibrated 18 poinu, and that glass beads were to be suspended from the coTer of the 
steering eompast, so as to touch and retard an unstead} compass-card. Twenty years ago, tha 
writer made an official statement, that the standard comnuse* at £2b eacb possessed the 
good qualities in smooth water, and tht bad ones in storms, that a lite. 6d. compass pow es ee s . 
The numdem's and the Asia's compauM •wiiDg 8 pgtatK- Um Oftrlaodl 13 I So mwb fof 
InfroTOMDU ia (o) jr«m« 
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made so by hardening fhe steel needle ; and that a test of its 
magnetism should be, the lifting and suspending, by its magnetism, 
of a card and needle similar to itself. 

The mica of the card should be sound, thin, and uniformly covered 
with thin paper, cemented to it, and varnished. The cap should be 
jewelled and fixed perpendicular to the plane of the card. The 
needle should be firmly secured under tilie card in the usual way ; 
but all sliding weights and unnecessary matter dispensed with ; the 
whole should be made in perfect equilibrium, with the plane of the 
card perfectly horizontal. When the point of suspension, centre of 
gravity, and centre of percussion are in the same straight line, and 
perpendicular to the plane of the card, all these conditions must 
be secured be/ore any magnetism is communicated to the needle. The 
operation requires great care and correctness. No part of the card 
must be heavier than another : it must be found experunentaUy to be 
in perfect equilibrium. A compensation regulator is required to be 
fixed to the under side of tiie needle, directly below the point of 
suspension, made moveable and secured like the compensation 
weights on the balance of a chronometer ; through the regulating 
compensator the spindle of the compass-card must pass, and up to 
the ruby in the cap, which must be centred and polished to receive 
the point of the vertical pivot.* 

When these preliminary operations are performed, the card 
should be placed upon its pivot, and held in a slanting direction, to 
ascertain if it be in equilibrium in all kinds of positions ; in fset, 
that all its parts be equally heavy. When this is done by gravity 
only, the momenta of iJl its opposite parts wUl be found equal ; and 
therefore there can be no tendency in the card to turn round on its 
pivot by any change of horizontal motion of the vessel. The needle 
will also be prevented from vibrating ; and when finally magnetised, 
the only force that can act upon it will be the horizontal and direc- 
tive magnetic force. The needle cannot dip, because the pivot, 
passing through the compensation collar, prevents the dip, and keeps 
the common centre of gravity directly under the point of suspension, 
and preserves the stability of the instrument. There cannot be any 
other force acting upon the needle than that of magnetism ; namely, 
the terrestrial and directive magnetism exerted upon the needle by 
the world, and the induced magnetism of the ship's iron, which has 
been discussed in a former part of this paper. 

§ 47. We see, then, that the philosophy of the mariner's compass 
is mainly limited to the needle, and its mode of suspension. There 
is as much difference between a common and a rectified compass, as 
there is between a common watch and a chronometer. There are 
very few compass-makers who know anything about their business. 
These important and most useful of all nautical machines most 
henceforth be finished by a superior class of workmen. 

The compensation regulator on the uncer side of the needle may 
either be fastened to the needle itself, or to the under side of the 

*For further information on this subject, see specification of my compass toe aseortainiag 
■tid indicaUny tbe enon and d«Ttauoa» of (Iw rauuxer*! tompM* in Appeodlz A, ftcH 



ordinary cap ; the hole through which it passes may either he 
circular or square. In either case, the friction will not be greater 
than one 1-bnndredth of the Mction at the point of suspension; when 
the ma§pietio dip is 70 degrees ; and when the dip vanishes, the 
Mction in the compensator will vanish also. We have said, that 
the aperture in the compensation collar may either be round or 
square. It should be a hair's hreadik greater than the diameter of 
the pivot. It wUl be evident to every person conversant with 
mechanics, that a cylindrical spindle will meet with less friction by 
working in a square hole, than in a circular one. A circular one is, 
however, of easiest construction, and more easily jewelled. 

We now proceed to describe the mode of suspension of the card 
in the compass-boxes now in use ; for any kind of compass now in 
use, may have new cards fitted to it, and be made an efficient 
instrument for all kinds of weather. The way of mounting a com- 
pass-card is simply to place it upon the top of a pivot wmch rises 
vertically from the the bottom of the compass-bowl, — the bowl being 
swung in gimbals to preserve it in a horizontal position. The card 
thus suspended on the agate of its cap is free to vibrate in any 
direction ; to traverse by magnetism, or to osciOate horizontally by 
mechanical or magnetic action; since the centre .of gravity of the 
mass, as has been shewn, will always be on that side of tiie pivot 
which is opposite to the end of the needle that dips. 

Instead of suspending the card immediately upon the ordinary 
vertical spindle rising from the bottom of the compass-bowl, I place 
a cone of brass, with its apex made to rest upon the vertical pivot. 
It is jewelled and highly polished. Upon the top of the brass cone, 
a pivot made to receive the rectified card is finnly screwed in tiie 
direction of the axis of the cone; so that the spindle in the bottom 
of the compass-bowl, and that upon the top of the cone shall be in 
the same straight line. The card being fixed on its pivot, the weight 
of the cone serves as a counterpoise to the weight of the needle, and 
acts also as an additional pair of gimbals. 

§ 48. Let us now examine the conditions of this arrangement. 
The cone being of brass, or other compound metal, will be devoid 
of permanent magnetism, and being suspended on a fine steel point, 
it will act in every respect as an additional pair of gimbals to the 
compass ; being at perfect liberty to traverse on its point of support, 
it promotes the free action of the card above it, — acting, if I may so 
say, as a frietion roller to the axis upon which the needle traverses. 
This mode of double suspension, whilst it promotes the free action 
of the needle to persevere in its magnetic meridianal direction, when 
the direction of the ships' course varies, the double suspension 
reduces the number of vibrations, and their angles of deflection, 
when the needle is diverted from its meridian. The cone U not a 
magnetic body, and its centre of gravity is directiy under its point 
of suspension. Now, if a rotary motion be communicated to the 
cone, it will have a tendency to go on in the same direction by reason 
of its inertia. But if the needle, mounted upon its pivot above the 
cone, be deflected by a magnet, say 90 degrees from its magnetic 
|oeri»iO| io4 then set free, the cone wiU) to ft oertain exteati 
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revolve on its pivot, in the same direction as the needle ; bni the 
magnetism of the needle brings it backt whilst the cone has a ten- 
dency to go on: the cone, ^erefore, exerts a force to retard the 
oscillations of the needle. I fonnd, experimentally, that a compass- 
card, by single suspension, made 12 vibrations when deflected 90 
degrees from its meridian ; and when the cone nnder it was set free, 
the vibrations were redaced to six when deflected as before.* 

A committee was appointed by the Lords of the Admiralty, for the 

improvement of ship's compasses. This committee introduced a 

new set of instroments, of a superior and costly description. Every 

possible care and attention was bestowed upon these compasses, and 

the cost of each standard compass according to the navy estimates, 

was £25. The cards are suspended on a ruby in the top of the cap, 

and some of the cards have eight powerfril magnetic needles laid 

parallel to each other, and placed with their edges downwards. 

Here we have a single friction, a single card of a light and elegant 

description, with eight powerfril magnets beneath it. The common 

centre of gravity of these needles is necessarily at a considerable 

distance below the point of suspension, by reason of the needles 

having their edges vertical instead of horizontal. These powerfrd 

compasses are *' tremblingly alive" to all magnetic agency, and on 

shore are accurate and useful beyond all former comparison. At sea, 

in fine weather and smooth water, they have been reported as 

" invaluable ;" but in running before the wind with a heavy sea 

during a gdUf " they were found to be useless ; and had there been 

none others on board, the ship must have been brought to the wind 

and steadied to ascertain any bearing." 

Eeport on the standard compass of H.M.S. Thunderer. Furnished 
by order of her late Captain, Daniel Pring. Beport on cards A, D, 
C of Standard compass, G 40. 

1843. — February 28th. Sailed from Cork ; wind northerly No. 4 ; 
steering S.W. ; extreme rolling 9° each way ; card D swinging one 
point. 

March 1st Latitude 50° 20' N., longitude 8° 57' W. ; wind S.E. No. 
5 ; steering S.W. ; ship lurching to leeward, 11° ; card D swinging 
Si points. 

March 4th. Latitude 43° 44' N., longitude 12=^ 2' W. ; wind variable 
to northward, No. 1 to ; head to southward and westward ; ship 
rolling 20° each way ; card C swinging from S.b.W. to W.b.S., at l(r 
roll, 3 1 points : tried card A, extreme swing 3^ points, at 10^ roll one 
point ; put on common Azimuth card ; very steady, as were those in 
the binnacle. 

March 9th. Ship rolling 5° each way ; card D swung one point. 

March 12th. Wind N.E. No. 4; steering S.W.; extreme rolling 
8^ each way ; card D swinging | point. 

March 16th. Latitude 29° 18' N., longitude 20° 9' W. ; wind 
westerly No. 5 ; ships head soutberly; extreme rolling 20° each way, 
11° comj£only; card A swinging 3 to 1 points, 

March 20th to 22nd. Whilst at aiicl.or ai Porta Praya, Island of 

* CompoKes on this plan are made bj Kr. W. Heath, Hatfaematioal In«tnuneilt IMmw 



St. Jago, riding with a fresh N.E. trade wind, the ship's head wonld 
sheer with gasts on the bow ; and it was only by watching very closely 
that any bearings conld be taken. The cards and pivots were changed 
occasionally. 

April 4th. In the S.E. trade ; heading np S.b.W. ; ship steady; 
card D steady. 

AprU 19th. Latitude 31° 14' S., longitude 8° 22' N. ; Ught S.Wly. 
winds ; heavy swell from the S.W. ; steering S.E. ; ship rolling 21° 
each way, commonly 10° to 16° ; card D, extreme swing 3 J points, 
commonly 2 to 1^ points. The glass of ike lamp fell out ; ^e putty 
being cracked by the heat, dropped off; fixed the glass with four 
studs. Not sufficient outlet for the smoke. The outlets also 
requiring more protection from the wind, as when the lamp is on 
the weather side, the light is flared and goes out. Did away with 
one burner, and reduced the remaining wick to ten threads ; very 
faint light indeed. 

April 21st. Latitude 31° 45' S., longitude 1° 61' W. ; wind south- 
erly No. 6 ; close hauled ; heading up, E.S.E. ; card C swung ohe 
point in the lurches. 

April 24th. Latitude 33° S., longitude 6° E. ; wind W.N.W. No. 7 
to 8 ; B.C.y. and Q.C.P. steering S.E.b.S. running with a heavy sea, 
speed 11 to 13 knots ; card C swung rapidly from east to southf card 
I) from E.h.8. to S.h.E.^ card A from east to south. 

In firing great guns the cards were jerked by the concussion, and 
veered round quickly ; it was necessary to screw the card tip. 

From the Cape of Good Hope to the Mauritius, the cards were 
much steadier, and continued so until our arrival at Ascension, when 
they were observed to swing, and as we advanced to the northward 
they became unsteady. The cards and pivots, as previously re- 
marked, were changed occasionally, and the gimbals were examined 
as to the free working of the bowl. 

August 13th. Latitude 7° N., longitude 19° 24' W. ; wind S.S.W, 
No. 6 ; ships' head north ; S.Wly. sweU ; card A srvung two points, 
least swing ^ point ; tried card D, having fitted it with two thin 
copper bars across the needlos ; extreme swing (>ne point, least \ 
point ; detached the copper bars, result the same. 

September Ist. Latitude 35'^ N., longitude 27° W.; fitled card A 
with four copper bars, of the same size as the needles, and fixed 
them across with slits : sufficient opportunity has not occurred for 
trying their effect, the weather being so remarkably fine. 

WhUe at anchor at St. Michael's, the rollers set in, and the ship 
rolled 12" ; the card A. then s^vung one point. In Hring s.Uutes, the 
copper bars certainly had the effect of steadying tiie card ; the jerk 
was trifling, and swing not (iver | point. It wot Id probably be of 
service to give them a trial in bad weather. The bars mil be re- 
turned in the card boxes. Card A as above fitted, remained in use 
np to our arrival in England and was steady. 

In conclusion : the cards appeared steadier in :he southern than 
in the northern hemisphere ; probably frqm the ci rcumst mce of the 
ships' head being principally to the eastward or ^ sstwan , at which 

jpouit9 the cards wer9 obe^rred to b^ more ^^9Aj% 
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That the cards in fine weather, sailing in smooth wster, are in- 
valaable, when those asoally steered by are yeiy sloRgish. 

That in ninning before the wind in a gale, as noticed on the 24th 
April, (26th also, see log,) the ship rolling deep and plunging, the 
cards were found to be tudess ; and had there been none others 
on board, the ship mtut Jiaoe been brought to ^ vnnd and steadied, 
to ascertain any bearing. 

^ The needles are snbject to rost, and have been cleaned three 
times ; it is however of a light powder formation, and is easily 
removed. 

Card A has 8 needles. 
„ D „ 4 „ 8| inches apart 
»» y »» 4 „ If „ „ 

The lamps for steering purposes would require remodelling 
altogether. 

HENBY DAVY, 
S.M,8. Thunderer^ of SciUyt Master. 

September, 2l8t, 1843. 

The compass committee, in directing these powezftal compasses to 
be made, overlooked the circumstance, that by increasing the mag- 
netism in an eight-fold ratio, they increased the dipping tendency of 
the machine ; and that by lowering the centre of gravity, the mag- 
netism of the eifl^t needles would trip their common centre of 
gravity on one side of their common pivot of support ; in a word, 
that the accumulated magnetism of these compasses, united under a 
single card, would make a more sensitive and a better compass, for 
fine weather and smooth water, than ever was produced before ; but 
for storms and tempests at sea, when good compasses are most re- 
quired, the improved compasses would prove defective or inefficient 

§ 49, Having been directed to fit a compensation regulator on my 
plan in 1843, to the under side of one of the standard compass-cards, 
having eight needles under it, I deprived these needles of their 
magnetism, and adjusted the matter of the cardy so that the plane of 
the card was made to be horizontal, and the vertical spindle to pass 
through the point of percussion, centre of gravity, and point of 
suspension, in a line perpendicular to the plane of the card ; in a 
word, the material particles composing the card and its appurten- 
ances were in perfect equilibrium around the pivot upon which it 
was intended to traverse. The compensator bemg now firmly fixed, 
the needles were re-magnetised and the following comparative 
experiments were made with an un-rectified, but otherwise a ■jwiIm' 
card : — 

The compass and its card, mounted in the usual way, on being 
carried about and rather roughly handled, by being made to imit^^^ 
the motion of ivosse!, diverged irom itH iiicri<lian 80 or 90 degrees 
(by reason of he une ][uai weig)it of t.h(> (ipposite parts of the card) 
and came to rtst on i s moridian after a LipHo of 200 seconds of time: 
whereas the r ctified card, when siibuiitted to similar treatment and 
similar deflec ion, di erged I'rom its meridian about 6 or 8 degrees, 
and settied oi its me .idiau at'ier 20 seconds of time. Now, in the 
J&riit casOf ikM inaguetisu of tiie needles interfered with their ^yit^^ 
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hxit in fhe second ease, these disturbing forces were separated, and 
the directive force alone acted upon the needles, and compelled them 
to adhere to their meridianal direction. 

Two of the ordinary binnacle steering compasses were procured 
from Woolwich Dockyard, by order of the Board of Admiralty. The 
needles of these compasses, although found to be of steel, were so 
badly tempered that much of their magnetism had departed from 
them. They were properly hardened, and after being re-magnetised 
were found to have acquired additional power. One of these needles 
was refixed to its proper card, with its bars and balance weighU ; and 
the other needle was fixed to its card, from which the brass bar and 
balance weights were removed, and a compensation regulator added. 
The card, &c., having been adjusted in perfect equilibrium upon its 
pivot, and a double suspension fitted, in the way I have described, 
the magnetic energy of these needles was such as to support, by 
magnetic attraction, their respective weights ; that is to say, the 
north pole of one needle being applied to the south pole of the other, 
it readily raised it, and held it by suspension. 

The cards were now mounted in their respective bowls, and the 
following comparative results were obtained, similar pivots being 
used, — 

Common card, Mngle needle, deflected 135^ made 51 oiclllationsin iXH'' 
Rectified eard« ,, ,, >, 16 „ 134'' 

Ditto „ by thefdouble suspension „ 8 «, 00'' 

The following bials were made at the Admireuty, on the 24th 
of January, when the needles of the respective compasses were 
deflected 90 degrees from their meridians, and the number of 
vibrations counted before they came to rest : viz. — 

A standard compau of the first order, with 8 needles, made 21 oscillations. 
A rectified card of the same kind, in the same box, 8 needles 8 „ 

A rectified steering card, 1 needle single suspension 12 „ 

The same description of card, double suspetislon 6 „ 

The standard compass came to its meridian within half deirree, and the 
steering compass one-eighth point, in a quiet room In the Admiralty. 

It appears, then, from these experiments, that when we prevent 
the magnetism of the compass-needle from deranging the centre of 
gravity of the card, in the way we have shewn, we cut off all tendency 
in the needle to depart from its meridian by mechanical means ; we 
prevent any mechanical tendency in the card to a rotatorv or oscil- 
latory motion ; and we compel the needle to obey the only force we 
wish to act upon it ; namely, the horizontal magnetic and directive 
force, which the earth's magnetism exerts upon the needle, to keep 
it in the direction of the magnetic meridian, and thereby enable the 
mariner to see by his compass, whenever the direction of the ship's 
keel diverges from the course he is ordered to steer. 

§ 50. Opinions still prevail, that in order to produce a compass 
that shall be steady under extraordinary circumstances at sea, addi- 
tional friction should be added ; for we find in Captain Johnson's 
book, at page 80,* these remarks: " It would seem that the question 
involves itself into one of additional friction." Now, if such had 
been the case, it is fair to infer, that a compass committee, patro- 
nized by the Admiralty, and making compass experiments at the 

• Practieal ninttntlons of the ntccultjr for a^etrtfioinji VM^.Vtf^fii^^ipn of tl^ ConqiiM^ 
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public expense, for a period of ten years, might have settled this 
point, and produced a compAss for posteiity to copy; or else have 
given np the attempt as hopeless. But from what we can gather 
from official reports from H.M. ships, the powerfal standard com- 
passes supplied from 1843 to 1853, fturnished as they have been with 
two or three kinds of cards for each instmment, are still as 
unsteady in stonas as ever. The weight of some of these cards has 
been increased so much, that I have met with several having had 
their agates or rubies broken or drilled through, by motion combined 
with pre8«iure upon their vertical pivots.* 

Binnacle compasses, delicately mounted and furnished with single- 
edge bar-needles, of considerable magnetic power, are all equally 
faulty in .i rough sea. We have elsewhere remarked, that the weight 
required to counterpoise the needle's tendency to dip, becomes a 
measure of the needle's magnetism ; and the greater the magnetism 
of an unrectified needle, the greater its tendency to oscillation in 
stormy weather. Now, the many compasses that have been fitted on 
my plan, and sent to sea in H.M. ships, have been reported favour- 
ably on, as steady in stormy weather ; and I have never heard any 
of them mentioned as being sluggish in smooth water. These 
instruments have a double suspension and a double capacity for 
facilitating horizontal motion ; and yet their steadiness in stormy 
weather is ascribed, by the committee, to additional friction. " It 
would seem that the question involves itself into one of additional 
friction." The cards of my instruments are light, and the needles, 
from form and mode of tempering, are very powerful indeed, as 
compared even with other needles of the same weight and ]ength.t 

§ 61. By an order from the Admiralty, dated 16th October, 1846, 
I superintended the forging and magnetising of two dozen of compass- 
needles, made on my plan, from thj ordinary cast steel, served in 
by confract to the Dockyard at Devonport. These needles were 
heated in hoUinfj lead^ and cooled or tempered in boiling water; 
consequently they were made equally hard throughout. These 
needles were to be tried, for comparison of magnetic powers, with 
otiier needles of the same length and weight made elsewhere, and 
sent to the Dockyard to be reported on by the proper authorities to 
the Admiralty. 

* Hie ftut!ior examined compasses and swung II.H. ships, at Plymouth, as a part of U» 
duty. 

t In H.M. iron steam -ship Trident, when in command of Ueutenant Risk, they experi- 
enced great difficulty in steering th^ vessel, by reaxon of compass oscillations, when th* vcasil 
rolled much on a northerly or southbrlv course, llie commander applied for, and was sap« 
plied with a binnacle compass on my plan, with a single but {towerful needle, fitted to a li^bk 
card. On going between Plymouth and liTerpool, Lieutenant Risk informed me, daat m 
eompass was not steady on a north or south course, with a sea causing the vessel to ** knovc 
about." I explained to him, that this arose from the great power and sensitive mountliw of 
Uie compass, obeying the successive impulses of the iron ship's magnetism, as It passed fiom 
side to side as the vessel rolled in a sea-way. In order to remedy this evil, I took this oom* 
pass-card into the commander's cabin, and, by means of deflection, shewed him the gnat 
magnetic directive power of the needle, as compared with other compats-cards cuppUed to 
the Trident. I then, by means of magnets, took away half the magnetism from my needle^ 
making a notation thereof. On the return of the Trident to Plymouth, 4th December, WKt, 
Lieutenant Risk informed me, that my compass *' was still sensitive enough in smooth 
water, and much steadi« in bad weather, when steering northerly or southerly < 
Ijovar tbJ$ ktnd of •videnoe to hjpothetleal oi^t^oxm. 
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Nmnber 1 of Mr. Coi's needleB was » jia((«rB ne*ne, gent into the 
DockjHrd bb a guide for the TOTkmen, by wttich pattern^ tvo dosHn 
vera to be made at the same length and weight. Ur. Coi sent in 
only one dtaea, instead of too £ae«, for tri^ and transmiaaion to 
the Admiralty. The reader, pn looking over the table, wiO see in 
the colomna of defieciioa, the magnetic and dicectite power of each 
needle in propoiljon to ila neiglit and length, Sie. The nhole of 
Ur. Coi'ti needles were mode shorter and heavier than hia pattira 
nwdle; and yet their magnetism by deflectioii, appears inferior to 
l^hter needleSf tested at a greater distance from the deflected 
compaas. 

A needle of the same weight and power as No.20, when tlied'lo 
its card and cap, &o., weighed 1080 grains, and was sent on board 
ths Itecniit as a binnacle compass, on my plan, for trial, with abont 
15 other kinds of compaaaes. I weighed the fiecruit's standard com- 
pass-cards, and compared their Adflectiag power with mine, and the 
following is the result ; yii.— * 






Sod. A4Ditr«IE) cud In R«eniJt, a ,> ino , 

These compoond needles for the Betrvit'a standard compass wers 
made of Strasbnrg steel, mannfactared in a particolar way, tor being 
fitted aa main-springs tor chrouometara. It will be eTident, by re- 
ference to the above resnlls, that tiie direcO»e power of the com- 
poand needles, as compared with tltat of the single needle, No. 1, 
are really small in proportion to the weights they have to cany; 
and yet, in this vessel, these heavy cards were among the most on- 
steady in the brig in bad weather ; whilst my powerfol bat light card, 
witlt ita oompenaatioQ ibr dip, and its doniue iiupenuan, WM thia 
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steadiest as a steermf; instnunent, and was soiightfyr ly ike, qwnief* 
masters am/t hdmsmQn^ when other experimental compasses failed 
them at night. The question, then, does not involve itself into one 
of additional friction, hut is dependent on the principle I was the 
first to explain and demonstrate to the Lords Commissioners of the 
Admiralty, a principle which compass makers and the Admiralty 
Committee are nnwOling to admit, and ashamed to deny or pnhlicly 
discnss. 

$ 52. Experience has proved, that our earth gives out, or imparts 
magnetism to every thing npon its surface, just in the same way 
that magnets communicate their magnetism to hodies capahle of 
receiving it, when placed within their sphere of action. Iron of 
every kind has, of all known substances, the highest capacity for 
receiving magnetism, and hardened steel has the greatest capacity 
for retaining it. 

We have shewn, f§ 21,) that a cast iron shot or sphere becomes 
pervaded by magnetism received from the earth inductively. That 
the shot has a north and a south pole, with a magnetic equator, 
where the attraction = 0. That the ball resembles a little world, 
and acts magnetically upon a small delicate compass-needle, by at- 
traction or repulsion, just as we please ; for in changing the position 
of the shot, we alter the position of its magnetic poles, as well as of 
its magnetic equator. 

If the directions given at § 21, fig, 4, be followed, and a line be 
drawn, or a thread tied round the ball, parallel to A B, or at right 
angles to ihQ dip C D, then this line A B will represent tiie mag- 
netic equator, and will divide the ball into two magnetic hemis- 
pheres ; so that every part of the ball above the line A B wiU attract 
the north end of a small compass-needle, and under the line the 
north point will be everywhere repelled. I know of no experiment 
that so clearly demonstrates the nature of induced terrestrial mag- 
netism as this one. The reader will bear in mind, that every article 
of iron (cast or wrought), whatever its form or magnitude may be, 
will be magnetic by induction from the earth, and have two poles of 
opposite kmds, just like our shot ; and whose axis will be parallel 
to the dip at the place of observation or experiment. 

It is on this account that an iron ship exhibits such powerftil 

effects upon her compasses. A floating iron ship may be re^puded as 

an inductive floating magnet, liable to have its poles changed by 

every alteration of course, or of every change in the inclination of 

the vessel, or transfer to another magnetic latitude. The reader, in 

looking back to $ 21, Au^figs. 1, 2, Ss 3, will observe that the boUs 

or bars, placed in different positions, act differentiy on each oilier, 

or on a small magnetic needle ; but these bars are made magnetic 

by the earth, in Ihe same way as the iron sphere is magnetised by 

it. The positions of the induced poles of any regular mass of iron 

will always be referable to the magnetic dip at the place of observap 

tion ; for example, on the earth's magnetic equator, the polar ads 

of the iron in a ship, instead of approaching the vertical, as in hi^ 

latitudes, would actually be in a horizontal direction, and pazallel to 

ibe magnetio meridian. 
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There are npwards of 1000 tons of iron employed in the eon- 
Btmction and equipment of a first-rate wooden sailing man-of>war, 
and many merchant vessels carry cargoes of that metal, stowed in all 
Unds of ways. Need we be surprised, theuj that the steering 
compasses are deranged by the magnetic action of ships and their 
contents? But how much more will compass deviations be aug- 
mented in our great iron steam-ships, and in our armour plated ships 
made impenetrable to shot or shells ? 

§ 53. When a ship is upon the magnetic equator, her compass- 
needle has no tendency to dip ; and when near the magnetic pole, 
the needle, however nree to move, would have no tendency to 
horizontal direction : it would tend to point perpendicularly down- 
wards, and be useless for purposes of navigation. We seldom hear 
complaints of compasses near the magnetic equator ; for there the 
magnetic line (dip), coincides with the magnetic meridian, and all the 
iron in a ship wiU have its poles in a direction parallel to the com- 
pass-needle, or nearly so. But when ships advance into high lati- 
tudes, the dip increases; the directive energy of the compass 
becomes less and less ; whilst the induced magnetism of the ship's 
iron increases, and its disturbance becomes greater, and the devia- 
tion of the compass or its local attraction is augmented. 

Powerftil compasses without rectification require additional weights 
to preserve horizontality in the cards ; and this apparent balancing 
actually increases the difference between the weights of the north 
and south semi-circles of the compass-cards ; the balance weights 
making the difference between them : the ship as she roUs or rocks 
from side to side, carries her compasses through the air, alternately 
in opposite directions, and the north and south sides of the needle 
and card being actually made of unequal weights, a mechanical 
oscillation of ti^e compass-card, in a horizontal plane, arises, which 
seamen might with propriety eompare to the swinging of a topsail, 
or topgallant yard, when the braces are let go, and one yard-arm is 
made heavier than the other by a man upon it. Another great 
inconvenience arises to produce errors and oscillation in a compass, 
from the induced magnetic poles of the iron in a ship passing from 
side to side, by the inclination or rolling of the vessd. This dis- 
turbance is greatest when the course is north or south, and least 
when steering east or west. This agency has already been noticed, 
and demonstrated in § 25, by suitable diagrams. 

The mariner, then, has two disturbing forces to contend with in 
the use of his steering or azimuth compass : 1st, The mechanical 
error arising from the centre of gravity of the needle being drawn 
by the earth's magnetism on one side of the pivot of support, (§ 48, 
f^, 2). 2nd, The change which is constancy taking place in the 
position of the induced poles of every article of iron in the ship, aa 
she changes her latitude, course, or seat in the water. 

With regard to the mechanical error, it has been shewn, (§ 46,) 
that this has been got rid of. But some may argue, that the vexy 
small weights that are really required for a compass of the ordinary 
construction, to counterbalance the tendency of the needle to dipt 
are altogether unimportant and insignificant. It may be lald ui 
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reply, if these sliding weights are unimportant, why apply tham? 
The fact is, they are impoxtEuit ; they most be of sofflcient niagnitade 
to preserve the card in a horizontal position ; and they are actnaUy 
found to cause considerable oscillation in high latitudes : whereas 
near the equator no inconyenience is experienced in any compass. 
A powerftd compass-needle, magnetised to saturation, will require 
six or eight grains near its ends, to counteract the tendency to d^ ; 
and if any sensitive needle be moved alternately in an east and west 
direction, by hand or otherwise, the needle ioOl oscillate from its 
meridian, and wo can predict the direction taken by either of ita 
poles : for in any latitude whatever, the heaviest end of a compass* 
needle will be opposite the dip ; and this end of the needle, by the 
well known laws of mechanics, will first resist motion : but having 
once acquired motion, the heaviest end will be disposed to go on at 
the end of the motion. 

§ 64. About twenty years ago, I made a sectional model of a 
frigate, with iron guns run out in their respective porte, on each 
side of a small compass, placed on the quarter-deck. The model 
itself was entirely free from iron, and was intended to shew the wty 
in which a compass was acted on by the magnetism of the guns 
alone, either as producing a permanent error in smooth water, or an 
oscillation in a sea-way. This experiment was made at the Trinity 
House and at the Adnuralty : it was convincing and conclusive. At 
the request of Admiral Sir George Cockbum, I shewed how this 
oscillaUon was prevented, by placing a piece of soft iron in such a 
position as to have its poles changed with the rolling motion, and to 
operate in such a manner as to counteract the effect of the guns. In 
rolling the model, with its guns in an east and west direction, the 
compass remained perfectly steady. An Admiralty order was imme- 
diately sent to the Port- Admiral at Plymouth, that I should prepars 
a pendulous apparatus* for counteracting the magnetic disturbance of 
the guns, &c., of the 8t. Vincent^ then lying as flag-ship at Ports- 
mouth, but without tanks and many of her guns. The harbour of 
Portsmouth is not deep enough for such ships to lie afloat in with 
everything on board ; and I suggested to their lordships, that an ex- 
periment made under the conditions referred to would not be of 
much scientific utility ; that errors and other conditions should be 
ascertained, before a remedy could be provided ; and I named the 
Caledonia^ of 120 guns, as a proper vessel to experiment upon, she 
having her full equipment on board. An order was accordingly !•- 
sued to try the amount of the Caledonia's magnetism when inciineA 
each wi^ ; but she was ordered to sea, and this experiment was tried 
inihB &, Vincent, on her arrival at Plymouth, in September, l8i4. 

This interestuDig experiment, although originating with me, WM 
not made in the way I should have made it. It was made undar 
instructions issued to the superintendent of the compass departmenti 
who had orders to communicate with me on the i^ubject. I of coons 
attended to the experiments, recommended some to be made, and 
noted every thing : and although all was ndt done that ought to hava 
wihe pttdnloiu upantm vaa lUpplr a rod of iron hung TflrttoaUr bj a bit of itriaf, m that 

t «.csiD|Sia dsviMtao. 



liden dome for the advancement of adenee, we obtained anffideiit 
data to shew, that the principles I had previoiuly pn^nnded were 
borne ont by the experiments made in the St, Vmtmt; namely, thai 
the changeable polmty in the ship's iron woald be apparent as the 
ahip was ei&er tium^ round, or inclined on each aide from an 
npright position. 

We will now deacribe the nature and extent of these experimentf , 
which, being made in a ship of three decks, with every thing on 
board, are not devoid of interest. The 8t. Vincent moonted 120 
gons; had a complement of 1000 men on board, with three months' 
provisions, and 410 tons of water stowed in her hold ; she had 807 
malleable iron tanks, and 263 tons of cast iron ballast. The ship 
was under sailing orders, and all her stores were complete. 

The steering compasses of all ships are necessarily placed near the 
helmsman, at the stem of the vessels. The compass then is above 
and abaft the great masses of iron in a ship ; hence it resnlts, that 
ihe north point of the compass-needle is, in onr hemisphere, drawn 
forward by tiiie magnetic attraction of the ship's iron ; whilst the 
sooth end of the needle is driven aft by repulsion, (§ 21). Our 
object was, first io discover how much, or throu^fh how many degrees 
the M, Vincent's compasses deviated, as the shi^ was turned round 
in a perfectly upright position, with every thing m its proper place^ 
as if the ship had been at sea. This operation had nothing new in 
it, being sinular to the usual process pursued for determining the 
compass deviations generally. The correct magnetic bearing of a 
distant object is first ascertamed. It should be sufficiently distant, 
BO as not to have its bearings sensibly altered by a ship turning 
round in a circle, of which her own length is the radius. In. the 
case of the St. Vincent^ we selected a high hill or tor on Dartmoor, 
as our object of standard bearing, distant from us about twelve 
miles. 

§ 55. The ship's head being placed upon the magnetic meridian, 
or in a north and south direction by the standard compass, she was 
gradually turned round, carefully stopped, and firmly held in the 
direction of every one of the two-and-tlurty points of the compass, 
until observation and comparison was made of the correct, and the 
compass bearings of the aforesaid tor on Dartmoor. The result of 
this experiment proved, that the greatest amount of local attraction 
of tiie St. Vincent, upon her steerinc compass in the binnacle, did 
not exceed half a povnt, when perfectly upright. 

This land of deviation, in wooden ships, is almost always g r eatoa t 
when the ship's head is nearly east or west ; and it diminiriies or 
entirely disappears at north or south. A deviation of half a voiaX, 
although apparentiy small, is vet of too great amount to be napwted 
in navigation. A large ahip uke the St. Vincent mi{^ eas^ nm 
120 miles from sunset to snnriae ; and a deviation from her eonrse, 
of half a point, would give an earn of twalYa mUes In her daaA 
reckoning. 

It may excite surprise that a three^ecker, containing at leapl 1000 
tons of iron, should have her ocnnpassea ao i^hfly aflbeled ; lAflQ 
we meet vitii three times the amonnt ol djBTimm In will Tentfi^ 

w2 - 



68 1HB laONBTZSK OV fBIP0, 

with yery little iron abont them. The fitct is, that in large Yeaselc, 
their huge dimensions enable the mariner to place his steering 
compass at a greater distance from the iron tlum he can possibly do 
in a small cn^L 

In the experiments under consideration, the St, Vincent*8 standard 
compass was 18 ^ft. from the nearest carronade, and 53 feet firom the 
nearest tank in her hold. Magnetic attraction varies with the 
distance. The force it exerts is found to be inversely as the square 
of the distance from a gun, &c. ; so that should a gun, at 18 feet from 
a compass, cause a deviation of only one degree, it would, at half 
tiiat distance, or 9 feet, produce a deflection of 4 degrees ; and at 4^ 
feet from the binnacle ( not an unusual distance in small vessels}, 16 
degrees. We need not, therefore, be surprised that a large ship 
enables its navigator to remove his compass so far from the iron 
nsuallv stowed in her, that the amount of compass deviations is less 
than tnat in smaller vessels. 

The next object we had in view was, to find if an inclination of the 
vessel to either side would exhibit any difference in the magnetic 
compass bearing of the distant object on Dartmoor, as compared 
with the bearings taken on each point, when the ship was upright; 
that is, if the magnetism of the ship would be transferred from side 
to side by the inclination. The guns and other things were secured 
in their places, as at sea ; one hundred tons of water, in wooden 
casks, were procured from the shore, and placed upon the lu'board 
side on the main-deck. This water, with the men's hammocks, 
inclined tiie ship 8^ degrees to port. The ship's head was placed at 
north, and we found that the muzzles of all the guns on the star* 
board side attracted the north point of the compass, and the breeches 
of all the guns on the larboard side attracted the same point : thus 
shewing clearly, that the north polar magnetism of the guns had 
moved along their length to the highest part of each (§ 25). On 
going down into the hold among the iron tanks, which were stowed 
in two tiers and in close contact, we found that all the tanks on the 
starboard side of the ship attracted the north point of the compass, 
and those on the lowest or opposite side of the ship repelled the 
north, and attracted the south end of a compass-needle. When a 
delicate compass was placed amidships, on the square of the main 
hatch-way on the orlop deck, it exhibited an easterly deviation of 1| 
point ; the north point being drawn to starboard and the south point 
to port, by the magnetic agency of the tanks, and in an opposite way 
to that produced by the guns. The ship was then swung to eaoh 
point successively round tiie compass, and observations were mada 
upon compasses placed as follows : one on front of poop, one in each 
binnacle, and one in the bread room. The compass in the bread 
room had previously been placed in the orlop, but it gave earily 
indication of being powerfully influenced by the spindle of the 
capstan or tanks ; and it was removed (not at my request^, to the 
"bread room, at the greatest possible distance from the distarbing 
agency. 

§ 56. The result of this experiment of swinging the ship, when 

inclined 8| degrees to port, did not exhibit any great amount of 

'ifJumgo in the JbeadDgs by Uiej^Qop com\ksjss\ but it was eyideat, 
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that the amonnt of compass deflecUon, arising from ilie ship's 
incUnation, was due to the difference hetween the varying polarity of 
the ship's wrought iron tanks, and her cast iron guns, &c. For all 
the gans attracted the compass towards the lee side^ and the two tiers 
of tanks, being in contact with the iron ballast and each other, 
acting as one mass, attracted the same point towards the weather 
side ; the magnetism of the tanks having the mastery over the guns 
(§ 44). At section 33, we theoretically discussed the effect that a 
change of wind might have upon a ship's compass deviaHonSf although 
her course remained constant any where between the cardinal points 
of the compass ; and that hj the force of the wind on her sails, the 
ship, by a change of inclmation, might even cancel her upright 
compass error on one tack, and double it on the other ; the actual 
direction of the ship's head remaining unchanged. Now, the 
experiments made in the St, Vincent proved the correctness of 
previous conclusions. 

For example^ when the ship's head was north-east by the standard 
compass, on its pillar on the poop, the ship's head was N. 41° E. bv 
the binnacle compass (when on an even keel, or upright), and at N. 
46*^ E. by the same compass when the ship was inclined 8} degrees 
to port. When the ship's head was south-west, or in an opposite 
direction, the binnacle compass in the upright position gave S. 49° 
80' W., and in the inclined position only 8. 47° W. ; so that in the 
first instance the incline deviation was greater than the upright 
deflection ; and in the second case it was less. 

The quantities we have quoted appear small, and practically would 
be of small consideration, so far as a day's dead reckoning is con- 
cerned ; but the results obtained are nevertheless important, as 
developing a principle which neither Act of Parliament nor order in 
council can invalidate. I regret that the superintendent of the 
compass department did not deem it necessary to have the St, 
Vincent inclined the other way, and swung round with an inclination 
to starboard.* He said his orders wore to awing the ship round', 
and having done it in one direction, with one inclination, he deemed 
his orders fulfilled. Scientific considerations required that this huge 
three-decker should have been turned round with an inclination both 
ways. It was not done ; but the tabulated results obtained, enable 
me to give a cursory view of the induced polar magnetism of the ship 
having undergone a change by her inclination ; and if no other 
experiments had been made, these tabulated results would have been 
inserted here. There are, however, more convincing and satisfactoiy 
experimental results obtained, which will appear in the sequel. I 
will now sum up such evidence as may be wo^h recording, relative 
to the magnetic trials made on board the St, Vincent, in September, 
1844:— 

1st. That, by the ship's inclination, the induced polarity of the 
tanks and iron ballast passed from side to side; the highest side 
attracting the north end of a compass-needle, and the lee or lowest 
side repming the north, and attracting the south point. 

2nd. That the 307 iron tanks (capable of holding 410 tons of 
Water), resting upon 262 tons of cast iron ballast, did exert as maoh 



msgnetio influence npon fhe«hip*s compasses as 8268 tons of iron in 
fhe hold ; for an iron tank acts magnetically as a solid.* 

Srd. That, although the nearest gon was only 19 feet from the 
standard compass, and the nearest tank in the hold 58 feet from i% 
the magnetism of the tanks and ballast, deflecting the compass in 
one direction, was greater than the magnetism of the 120 guns, holtB, 
knees, and other things acting npon the ship's compass in an 
opposite direction. 

4tii. That the actual compass deyiation in the JSt, Vinceni, SB 
demonstrated by the experiments in her inclined position, was due 
to the difference between the magnetic action of the gons or bolte . 
and the tanks and ballast. 

Since the distant tanks, resting on the cast iron ballast, exerted a 
greater influence on the ship's compass, in her inclined position, 
than the action of all the guns, &c., by drawing the north point to 
windward, and thereby obtainiog the mastery over the guns' mag- 
netism, as demonstrated in § 25 ; I think it will be admitted, that 
an augmentation of guns, or a diminution in the tanks, would bring 
these induced magnetic antagonastic forces, acting on a ship's com- 
pass, nearer to an equality ; and thereby render a compass more 
steady when a ship is rolling. 

We may also fairly assume, that if a line-of-battle ship landed her 
guns, the irudine deviations of her compass would be augmented, and 
her compass would be rendered more unsteady in stormy weather. 
These deductions appear to me to be perfectly legitimate ; but let ns 
look for corroboratLve evidence. 

§ 57. H.M. ship Thunderer was ordered to land her lower^eek 
guns, in 1848, and convey a regiment to the Mauritius. She was 
supplied with a powerful standard compass, fixed on a pillar on the 
front of her poop ; and this compass had cards of different kinds; 
and some additional contrivances to fetter the oscillations, if neces- 
sary. Many of her cabin and upper-deck guns were struck down 
into the orlop, so that the TJmnderer*8 remaining guns would act 
but slightly, as she rolled from side to side. This ship had also two 
tiers of wrought iron tanks, stowed above her iron ballast ; and 
being a ship of two decks, (instead of three,) her standard compass 
was fixed a deck lower than in the St, Vincent; consequently the 
two-deeker's poop compass was nearer to her tanks than the poop 
compass of the three-decker ; and therefore, the magnetism, or locu. 
attraction of the Thunderer's tank, as a disturbing agency on her 
compass, would be very considerable, and greater than that found by 
experiment in the St, Vincent, In steering a northerly or southerly 
course, there would be tioo disturbing forces to produce oscillation : 
1st, The mechanical errors of the compass already mentioned (§ 43). 
whereby the heaviest or loaded end of the needle would, at eveiy roll 
of the ship, swing towards the lee side : 2nd, The opposite end of 
the needle, by the ship's induced magnetism, would be attracted by 
the magnetism of the highest or weather side of the ship, or weather 
side of her tanks in the hold. In our northern hemisphere, we have 
0een, that the north point of the compass-needle would be attracted 
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(as in {he i8i(. Vinoent)^ towards the highest or weather side, and the 
south point of its needle, with its load, would be dragged by its mag- 
netism, and mechanically driven by its load, towards the lee side ; 
and all ttds by a constant succession of impiUses, as the ship rolled 
&om side to side ; these two forces combining to produce an unusual 
oscillation. When the ship approached the magnetic equator, these 
disturbing forces would diminish or vanish in a short time; but 
after passing the line of no dip, and advancing into south magnetic 
latitude, the polarity of the ship's iron wo^d undergo a change 
(§ 81), the dip being south, and the disturbing forces we have 
described would be reversed, but equally powerfiol in opposite but 
eorresponding dips.* 

When the Thunderer returned from the Isle of France to Plymouth 
in 18^, 1 was kindly ftimished with a copy of the officer's report 
and observation upon the working of the standard compass, which 
was constructed under the auspices of the compass committee. By 
that report, which I insert, ( § 48), it appears, that in latitude 44° N. 
whilst the ship was rolling 20° on each side of an upright position, 
and steering a southerly course, the standard compass oscillated 68°. 
That in latitude 33° south, whilst the ship was scadding in a 8.E.b. 
S. direction, in a heavy sea, and going about 12 knots an hour, the 
standard compass oscillated as much as 90°, and became useless as a 
steering instrument : whilst the old common and weak single-needled 
dockyard compass, from its absolute deficiency of magnetism, was 
tolerably steady. The report further states, that the committee com- 
pass was more steady in the southern than in the northern hemi- 
sphere, "probably from the circumstance of the course being 
generally to the eastward or westward." 

Having written to the Admial on the subject of these compass 
oscillations, I was ordered to present myself, and explain the cause 
thereof at the Admiralty, I accordingly went to London, ( § 49) ; but 
previously-received opinions in scientific quarters were looked upon 
with favour, whilst my explanations were regarded as doubtful or 
unimportant It was then that the additional friction principle 
began to be entertained by the compass committee. 

In 1847, the Asiay 84 guns., a sister ship to the Thunderer, was 
fitted to bear the flag of Bear- Admiral Hornby. She had steering 
compasses, as well as a standard compass, on {he committee's plan. 
Encountering bad weather in the Chops of the Channel, her com- 
passes were found to be useless, and the Admiral had to write on the 
snbject.f We can now explain how these powerful compasses 
become useless in stormy weather, when in reality a good instrument 
is most wanted. 

Jn 1844, the Caledonia^ 120 guns, commanded by Captain Milne, 
now Admiral Commanding on West Indies and North America, was 
on a cruise at sea. Captain Milne watched the action of the OcUe- 
donia*8 compass oscillations, and he informed me, that the north 
point of her compass-card went towards the weather side, at the 
end of each roll: whence we may infer, that the Caledonia's compass 

t lof XablM of Etebw and Terror, pp. 31 & ». 
t SbtpattaoktoPlTiiwatii* 



73 . THB HAOKXTttlC OV tttXPU, ' 

oicillated from canses similar to those acting in. the Si. Vtnead, 
the Thunderetf and the Asia; and that these vibrations ean only 
be cored by the mechanical contrivances I devised, and hj magnetic 
compensations made by antagonistic magnetic forces, introduced 
by means of soft iron correction. 

§ 68. In the year 18^, an iron sloop of war, named JSeeruU, was 
commissioned in the Thames by Commander (now Capt.), Adol^ns 
Slade. Her compasses were adjusted at Greenhithe, by Captain 
Johnson, who, as nsnal, supplied a table of deviations for each of 
the two-and-thirty points of her standard compass. When the vessel 
got to sea, the officers found that these deviations were inapplicable 
to correct the courses under saiL On arriving at Spithead, C-om- 
mander Slade applied to have his compass re-adjusted, and the 
Admiralty directed that the assistant to the superintendent of the 
compass department should proceed to Plymouth in the Becruit, 
there to swing and re-a^just for compass deviations. 

On the passage down Channel, wiUi foul winds and hazy weather, 
difficulties were experienced in finding the vessel's position; and 
these difficulties being mentioned to me by Commanders Slade and 
Strange, I wrote, through the Admiral-superintendent, to the 
Admiralty, adverting to the rather unsatisfactory experiments made 
in the St. Vincent ; and requesting that, since difficulties had arisen 
in navigating the Recruit, and as she had to be re-swung, I might be 
allowed to determine the nature and amount of her compass devi« 
ations when inclined, as well as when upright, and to have these 
operations performed in my own way, without unnecessary inter- 
ference. 

I obtained the sought for authority,* and the vessel was moved 
into Bampool, after being re-stowed, when she was swung by me in 
three positions; 

It was predicted in high quarters, that these experiments would be 
disposed of like those of the St. Vincent, and that the subject de- 
served no serious consideration. The result of the experiments, 
however, commanded attention. Commander Strange was sent down 
to repeat the eiperiments, and their Lordships ordered subsequent 
and similar experiments to be made in several iron ships, by Captain 
Johnson, who has recorded some of them in his valuable work, pub- 
lished in 1847. The attraction and repulsion of an iron ship's sides 
are seldom alike ; that is to say, the magnetical and mechanical axes 
of the ship, when her head is north or south, do not coincide, bat 
cro88 the direction of the ship's keel. In the JRecruit, this difference 
was about 5^ ; in the Birkenhead, it was 7° ; in the Styx and some 
other vessels, it amounts to 6 or 7°, and sometimes to 8^^. 

The following table of the RecruiVa deviation under different eon* 
ditions, and at the table page 44, clearly prove that the compass 
points of no deviation have in every case changed considerably. 

These changes in the *■ resultant points' arise from the variablo 
inequality of the magnetism of the sides of the ships. The points of 
no errors in the Sirkenhead, when in England, were near N.N.W« 

* Z bid now fiUI MWM to tty the experiment fidrly uid tfie Nralt proved ttait 
MfUaff ijpm • ibip*! wcIinsUoB s»a W^ b$ iwsl«Qte4 witbqpt du>g«r. W,W. 
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and S.SJi. ; Imt kt the Cmpe, hat oompasB wonld have error* on 
them pointa. Before the ship etmck an the looks off Faint Danger, 
aha had been ateeriag a 8.B.E. oompaaa course, as was itated bj tka 
anrriving helmsman ; and there is gionnd for onr belief, that the 
officers nha perished had placed too mueh oonfldenoa In the Sill 
ptaetieal rols for aaeertaining compass deviations ; which atatei, 
that ths poiota of na deriatioa, when once asceitainBd, ma]r be re- 
garded a« constant. 
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The Seemil bad toooden beanii, and iron topaidea, and was uioed 
with twelve long 82-ponnder guns. On repeatedly swinging her 
lonnd, we obeerred, Ist, that irbeii her head was placed in a north- 
eily direotion, all the oonipaiaes abaft wore mon sensitire than when 
her bead was in a southerly direation,~-pn]bably on aceonnl of the 
brig'i niamie&sili andt«rre«trialmagnetism.Batlnalii oonjonotion on 
nonbetbTt rat in OfSiinMan on Mintberly coning ibd, that □nohang' 
log the |Uf ' t dlresoon flvm poM to pa w^ « C«« iDiK»tK« 'AVoA-iKwv 



raqnizied tor the new compasg deviation to be fitUu dereloped. Hie 
binnaele oompass was placed before the iHieel, and close to the after 
side of the cabin skylight, affording but small means for fixing any 
iron matexials for correcting the compass deriations ; and the means 
I did use for that porpose were mthout any reguUur authority. We 
were at a distance from the Dockyard, and time pressed upon us ; 
the services of the vessel being wanted at 2£adeira. 

Commander Slade, on receiving such a list of deviations for hia 
compasses-, enquired officially bv what compass he was to keep hi» 
reckoning, or by what means he was to correct his courses ;* and 
was ordered to adhere to those deviations foond and ftimished by 
Captain Strange, which did not sensibly diflto from the deviations 
foond by CaptuB Johnson at Greenhithe. 

The following ofldal report was made by me to the Commaiider>itt- 
Chief al Plymonth :•— 

" Bevisand, 4th February, 1847. 

" 6iR,— In obsdience to their lordship's order of the 23rd Kovember last, 
' to cause the Beeruit to be heeled as much as may be convenient, in order to 
try the eflSsct that the inclination may hav« upon the deviation of the oompass, 
to report the results of the experiments^, and to submit any observations I 
may wish to make upon the subject ;* I have the honour to inform you« that the 
experiments have been made, and the results are exhibited in the- aaneaed 
table. The ship's head was placed upon correct tntignetiv bearings, and not 
upon those poiots that a compass in the binnacle would indicate. For this 
purpose, the standard compass vras used as a theodolite, to measure the 
angle that the ship's keel made with a distant object*. The observers were 
the master and master's assistant, selected by the Commander, who, with 
myself, checked the observations ; and in this way many sources of error 
were avoided. 

** It will be seen by the table, that the upright and Incline deviaMont are 
very different. When the ship heels to starboard, on a N.E. course, the 
error of the compass is greater than when upright; and when she heels to 
port, the error is less. lu some directions, the difference may amount to a 
point, by a change of inclination from side to side. 

** Having ascertained these facts, I prepared an iron apparatus, vlx., a 
sphere, cylinder, and pendulum, with a view to correct or diminlah the 
errors of the compass, vrhich, in this iron ship, are very remarkable and 
complicated. I prepared this apparatus in the Dockyard, and fixed it la the 
brig ; but was surprised to find that the iron hull of the vessel had absorbed 
or weakened the magnetic energy of my apparatus ; so that the influence of 
the iron ship had greatly reduced the energy of my iron apparatus, thereby 
shewing that irou acts magnetically upon iron. It was therefore necessary 
to augment my apparatus, since the form and fitting of the Recruit does not 
admit of a choice of distance. 

* When the Reerait left Plymouth, after being swung, on taking leare of Captain Slad^ 
I Joooseiy aaid to him,, *< If you do not actually lose your iron«sidea craft, do let nt hev hour 
you get on.' I reoeired a letter firom him, dated from St. Michael's, 17th September, IMff, 
whiSi began thus:— 

" My iMar WaUer, — I will ease your consoience, by telling you that we haw fomid land. 
You oould hardlv hare expected us to do so after having be-deTlUed our compasaes. Jokiim 
apart our deviations have aitertd on many points. W« are never easy wiien runmng^ or 
maHwg land, and have to trust to si^ts ; but in the absence of sun, under such oircumttanet^ 
1 have made up my mind to trust to the binnacle compass. As eels become zteooc^led to 
■ktnninif, so we get aceustomed to faithless needles " 

The uraniit had sixteen difibrent kinds of experimental compasMS oa trial, hf ecdcr of tiba 

Boanl. S^j ^^mn— wm plJiied in the BinnMatep and a nmpn..— nit mj p>«i.^pl» o«i^rtf|n i y m 
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**Oii fixing ibis apparatus and swinging the ship, it was foanA to b«' 
an easv matter to make the compass correct, with soft iron, upon the cardi- 
nal points ; but the errors were considerable upon intermediate points. My- 
aim was ultimately to make the errors on an average as small as possible, 
and thus place the Recruit in the condition of a wooden vessel, where the 
errors being small, no serious damage can arise by neglecting them, or even 
by applying them the wrong way, as I fear is sometimes done. 

** The results obtained have.shewn that I was not wrong in the principle 
I bad propounded, although 1 am not satisfied with the corrections. We^ 
had completed our operations, and were unable to account for appearanooa 
in the results obtained in swinging the ship inclined to pori^ when we dis* 
covered that the brig's skylight had been built, and her binnacle placed 
three or four inches nearer to one side than the other ; and this circiim- 
stanee is suflBcient to account for the north point of the needle being drawn 
to one side of the vessel, when her head is upon a north or south line. 
Assuming the skylight and binnacle to have been in the midship line, I fixed 
my apparatus accordingly ; but the original error in the skylight and bin- 
nacle has to some extent vitiated the experiments. The errors, however, 
are greatly reduced in the upright positions ; and I am desirous of having a 
trial at sea, in order to settle an important principle in connection with the 
correction of a ship's compass. I found experimentally, about twenty-eight 
years ago, that the ship's iron at the Cape of Good Hope, produced a devia- 
tion in an opposite direction to the deviation in England ; so that if a 
vessel left England with an official table of deviations, and applied these 
corrections to her compass during the passage, her compass might, by such 
aplication, be made correct at ttartingy but might be three points in error at 
the Cape. I have insisted that such would be the case, either by using 
tables of corrections as found here, or by the application of permanent mag. 
nets to correct the compass. But I am of opinion, the soft iron correction 
will cease to act upon the compass, as the other iron in the ship loses its 
power of disturbing it. It is, therefore, highly desirable that this point 
should be settled by an experiment in a ship like the Recruit^ (a vessel of 
most complicated magnetism), with the apparatus just as it is ; and when 
she returns, the binnacle and apparatus could be fixed where it should be 
upon a midship, and fore and aft line. 

" I am, Sir, 

** Your most obedient humble Servant, 

"WILLIAM WALKER. 
" Admiral Sir John West, k.c.b., 
Commander-in-Chief, Plymouth. 

§ 59. We have endeavoured to shew how Tery distrastfol anoieDt 
mariners were of all those who meddled in any way itHh the com- 
pass ; and how conservative they were in adhering to old opinions, 
and rejecting new ones ; even when supported by experimental 
proofs. Highly gifted individuals of the present time, in their 
endeavoars to generalise facts with misound data, have now and 
then contributed to throw doubts upon the principles they themselves 
have, in other parts, propounded. Hand-hooks have been published 
for the guidance of navigators, so far as regards the compass and its 
deviations : artificial magnets were at one time to correct ships' 
compasses all the world over : an iron disc was to perform the same 
desirable end : the troublesome horizontal vibrations of the compass 
were aotoally to he got rid of altogether, by the adoption of oompass- 
cards having 4, 8, or 12 needles of the greatest possible magneUo 
power : deviation tshles have been supplied to ships for corxeeting 
their oomseg; wd other kinds of tables have beea ^ci»to(^^ -tv. 
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firming deviation tables, Bhoiild changes take place in their amoimt 
on the points of greatest deviation ; these latter tables being grounded 
on the assumption that the points of greatest and least deviation 
remained constant. Unfortonatelv all viese plans have partiallv 
foiled. 

Yeiy excellent "Practical Kules" have from time to time, been 
published by authority of the Admiralty, for the information of 
navigators, relative to the local attraction of ships and their magnetic 
action upon the compass; but these rules have required, and will 
again require revision, so soon as opinions become settled on these 
subjects. 

In the 10th " Practical Bule for ascertaining the deviations of the 
compass," we find the following information given (edition 1842); 
**" Experience has shewn, that the amount of deviation on the several 
points varies in distant regions ; and that in the southern hemisphere 
tt may even become westerly on the several points on which it was 
easterly, and in the northern hemisphere easterly where it was 
westerly." In 1847, we find the words in italics of the above sen- 
tence altered as follows : " It frequently becomes westerly,** And in 
the last edition of Captain Johnson's work of 1852, there is anoth^ 
new wording in the 10th practical rule, running thus : ^^ It generally 
becomes westerly" These alterations evidently shew, that opinions 
or conclusions have not yet been arrived at; yet these changes of 
phraseology teach us to be tolerant of the opinions of others. He 
would be a bold man who would now stand forth and attempt to 
publicly vindicate the practice of correcting, by permanent magnets, 
the ever-changiAg inductive magnetism in an Iron ship : for expe- 
rience has taught the mariner, that his compass, corrected by maff- 
nets at home, becomes very erroneous abroad ; that although his 
compass error at London or Liverpool may be made = 0, yet at 
Sydney or New Zealand its error may be = 8 or 4 points ; and that 
instead of the errors being corrected by magnets here, they may 
even be doubled elsewhere. 

' Some fifteen years ago, one of the Niger Expedition iron ahipa, 
named the JSomlan^ had her compasses very correctly adjusted l^ 
magnets, &c., in England, and on arriving at Sierra Leone she was 
re-swung and as much as 12 and 14 degrees of errors were found on 
some points of her compass, where no errors whatever were found in 
England at her departure. 

A gentleman who professes to correct compasses at Liverpool, 
wrote me in 1847: '*A master of an iron vessel, sailing from t^S«? 
port to Bombay, told me that the compass near the wheel, corrected 
by magnets, was out one or two points on getting near the line ; but 
on coming or going northward, it gradually came back again." The 
iron Koyai Mail Packets, tbat now pass with such rapidity between the 
two hemispheres, experien ie the inconvenience of permanent mag- 
net correction. Some c(mmanders take the magnets away from 
their compasses when the} get well to the southward, and approach 
the I'nef and replace them as they return northward, and by this 
means avoid the doubling yf compass errors. 

/ 60, If a ship were supplied with a table of compass deviationg 

/a JiLglmdf M2d if the navigatox ^^x% V) cquNmlu^^q wg^glioation of 



gnoh a table to correct Us conrses in the same amonnt of dip in the 
northern hemisphere; then might he double his compass errors, 
instead of correcting them. If a ship had one compass corrected by 
magnets, and another of the same kind, in the same ship, and under 
the same amount and description of disturbance, had its errors 
correctly recorded in a deviation tcMe ; and if the navigator were to 
assume that his corrected compass remained always perfectly right, 
by applying his recorded deviations constantly to correct the courses 
steered by the other compcuSf he might find his two dead reckonings 
agree. The iron steamer Adelaide^ that left Plymouth early in 
January, 1853, had her steering compass corrected by magnets, and 
another in a standard position on the top of her saloon, for which a 
deviation table had been supplied. These compasses will greatly 
differ during the voyage, anc^ the uncorrected compass will be the 
most to be relied upon. 

Permanent magnets for compass corrections are, however, very 
convenient for our steamers employed in the home trade ; and so 
long as the ships are kept upright or nearly so, no great danger need 
be apprehended ; unless the magnets lose a portion of their cor- 
recting power, or some alteration be made in the ships or their 
machinery. 

In iron vessels, the compass deviations abaft may on. some courses 
amount to some five or six points. These great errors are generally 
to be found in iron screw-vessels, that have their steering wheels 
and binnacles near the stern, and just before an upright iron stern- 
post, with its iron rudder working on it. These vertical masses of 
iron are powerful inductive magnets by position^ and conduct upwards 
the magnetism of the lower parts of the vessel (§ 24), thereby acting 
powerfully on the compass ; attracting the north point towards the 
vessel's stem, and not forward, as is the case in the majority of 
wooden ships. Now, magnets are convenient for counteracting these 
great deviations, in such iron screw-ships as may be employed in the 
home trade ; but large iron ships of any kind, intended for distant 
employment should not have their steering wheel and binnacle too 
far aft, for the reasons just given ; unless means were devised for mov- 
ing counteracting magnets, so as to adjust the binnacle compass at any 
time, as a mere matter of convenience for the helmsman. The course 
in all cases should be shaped and recorded in the log from a standard 
compass, placed in a permanent position, where there is no error, or 
where errors have been corrected by iron alone, or where small 
errors, arising from change of geographical position, or from the 
ship's inclination when under sail, are indicated by a deviation com- 
pass. When two compasses are placed in one binaacle, or when two 
binnacles in the same ship are too near to each other, they will be 
within their sphere of mutual attraction, and become erroneous on 
all courses, except north, south, east, or west. On all other courses, 
the compasses wHil be in error, arising entirely from their mutual in- 
fluence on each other; and yet the two compasses, if similar, wiU be 
found to agree. Any body may tiy the experiment, by placing two com- 
passes on a table, and turning the table slowly round. The com- 
passes will agree when they bear north, south, east, or west of each 
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object, differing from uxb bearing of the same db^eet when the two 
inBtmmentB b^ north, aonth, east, or west of each other. The 
condnsions to be drawn are, that only one oomnass ahonld be need 
at a time, and that one shonld be placed if possible exactly amidahips. 
If, however, the ship be large, and steea«d by a wheel of large 
diameter, then the position of the helmsman wiU not be amidahipa, 
and two binnacles may be necessary ; as is the case in large ships of 
war, where the binnacle compasses are kept four feet apart, in order 
to avoid compass errors from too dose proximity. 

We have endeavoured to shew how the position of an irregular 
mass of iron may either attract or repel the mariner's compass, and 
divert it from tiiat correct magnetic bearing it would indicate if 
acted on by the magnetism of the eax(h alone. This kind of com^ 
pass disturbance is called, compass deviation, to distingiuah it from 
the variation. The locid deviations of a ship, arising as they do 
from the magnetism of the ship and her contents, are in some 
measure under control, and may be cancelled by counteracting iron, 
or by means of permanent magnets, so long as a ship continue in 
seas where the magnetic cUp and magnetic intensity of the earth do 
not sensibly vary. The variation, however, is altogether beyond the 
control of man. It varies irregularly from time to time, in different 
parts of the world. There is even an annual, a monthly, and a 
diurnal variation of the compass, but of too small amount to influ- 
ence a ship's reckoning. The variation appeara to arise from some 
periodical and physical changes going on in the earth itself^ which 
still remain among the uexplained mysteries of nature. 

{ 61. We have endeavoured to explain, at considerable length, how 
a ship's compass acquires errors from the loced attraction or repulmon 
of iron in its vicinity ; and how this iron acquires magnetiam and 
polarity by its position in the ship, and its position with regard to 
the magnetic dip ; that these relative positions change, as the ship 
turns round, inclines from side to side, or passes from one hemi- 
sphere to another, or from one magnetic latitude to another. The 
earth's magnetic intensity is also found to be inconstant. Hence 
it results, that although the stowage o£ a ship may remain nndis- 
turbed, and the relative position of her compass, and every article of 
iron in her, remain constant during a voyage, her deviations and 
local Attractions wiU constantly vary; even from pltis to oninM 
quantities, and vice versd. We need not insist upon this, since the 
tables we have given demonstrate the fact The locad magnetic 
disturbances of a ship's compass are decidedly variable quantities, 
and any attempt to correct a compass permanently, subject to so 
many changeable disturbing forces, cannot be effected bv a counter^ 
application of constant forces, as has been attempted with permanent 
magnets, and found to fail. 

Neither can compasses be rectified by the application of any hypo- 
thetical or unsound principles of iorrestrial magnetism. liooal 
attractions, as found existing in almost all vessels, on certain points 
of their courses, in smooth water and an upright position, as well as 
■those annoying compass osdUations which are so detrimental to 
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good -steering and correct reckonings, can only be correctly cancelled 
or cat off by coonteracting the disturbing forces, and by a proper 
application of materials of the same queuity or kind as those that 
derange the firee and correct pointing of a ship's compass. The 
disturbing and correcting materials should be of the same kind, in 
order that similar inductive magnetic changes may arise in the 
metals that disturb, as well as in ti^ose intended to correct a ship's 
compass, as she may pass firom one magnetic latitude to another. 

If space were ample, we might instruct our readers by recording 
instances of ships being wrecked and lives lost through i^eer pedan- 
tic ignorance, neglect, or indifference to professional detail. Our 
aim has been to avoid, as much as possible, unpleasant recitals, and 
unpalatable quotations; giving oiily such proofs as may be neces- 
saiT for supporting the views we entertain of the magnetism of ships, 
and its operation on the mariner's compass. 

If steering compasses in ships have occasionally been made 
erroneous through ignorance or neglect, they may sometimes have 
been corrected by accident or design, in the equipment, stowage, or 
general arrangement of the iron on board. Brief reference has been 
made ( § 1,) to observations recorded by the Author on the Eng^sh 
coast and at the Cape of Good Hope, in a vessel containing much 
iron of different kinds, and to a letter he wrote to Admiral Sir Byam 
Martin, relative to the effect that iron lower-masts would have on the 
steering compasses of a frigate. In that letter we asserted, tiiat the 
keel and lower half of the Phaeton's iron mainmast " would attract 
the south point of the compass ; the head and upper half being at 
too great a distance to counterbalance the influence of the heel and 
parts below." When the Fhaeton was swung at Spithead, in Feb- 
ruary, 1825, and her compass deviations tabulated and discussed by 
Mr. Bennett, of the school of Naval Architecture, it was found that 
her compass errors were very small indeed ; that the greatest devia- 
tion did not exceed ^ of a point {1° 40'). Mr. Bennett, in discussing 
the effects produced by the iron mast, says, " that ihe guru^ &c,, had 
greater effect on the needle than the mast and bowsprit ; so that the 
local attractions in the fourth column are not to he attributed to the 
latter, but to the former.** And in another part of Mr. Bennett's able 
paper, he expresses an opinion, that if the Phaeton had been 
supplied with an iron foremast as well as mainmast, "the local 
attraction might, therefore, have been reduced to zero." 

At page 51 of Oaptaln Johnson's work,* there is a table of the 
compass deviations of H.M. steam-ship Styx, under three circum- 
stances; viz., 

lit. Fitted at STurrevlng YemtA, with an Iran eratoh abaft standard compan. 
Sod, ditto ditto -with ditto remored. 

3rd, Aimed and stowed as a mannrf'-vaK. 

The difference in these deviations is very remarkable, and shew 

how much the points of greatest and least compass deviations have 

clumged places ; and, as Captain Johnson justiy remarks, ^' affords 

an interesting specimen of the worMag of the compass system which 



* Praetieal inuitratlons of the neeeacity fbr ascertaining the Deviations of the Comnaas. 
'" • -BdwaidJ.Jc' J~-~ ...-.> -. r— . 

Ma«y.l8BI. 
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has now been adopted." That part of the table referred to wUeh 
eihibiis the snm of all the compass deviations hi the Styx, with aa 
iron omtch fixed abaft her standard compass, and the sum of the 
said doTlationB after the said iron omtch was remoTed, is deserving 
of especial notice. By taking away the objectionable omteh, the 
deviations of the Styx's standard compass were increased 38 per eeat I* 

The applications I made, at my own risk, in tiie iron sloop of war 
Becrtdt H 58), however inconvenient the vessel was for snen a pur* 
pose, and however nnBkilfdl the application was on my part, the 
tables of deviation shew a diminution of 75 per eent. in the apzi^^t 
position. 

Professor Barlow put in practice a plan of his, for eorreeting eom* 
pass deviations, by means of a cirenlar disc of soft iron. Tbu plan 
actoally corrected the compasses of several sailing wooden vessels, to 
a very great extent. The disc was to be fixed by trial, so as to eat 
off tilie maximum errors, according to instmctions given. But Hr. 
Barlow has admitted, at page 102 of his Easay on Magnetic Attradiim^ 
1824, the probable " impossibility to get a correcting plate to give 
the same attraction as the vessel at eveiy point" He had firmly per- 
suaded himself, that effects produced upon the msgnetie needle 
depended entirely upon the position of the centre of the mass of 
disturbing iron ; that the action of plain unmagnetised iron on a 
compass was referable to two poles, "indefinately near to eaeh 
other," in the common centre of attraction of the surface of the body 
(p. 188) ; and he altogether repudiates the fact, that iron, magnetie 
by induction firom itself, has polarity or directive energr. 

At page 115, he says, "According to the present recdved doetriae 
of magnetism, eveiy mass of soft iron becomes a temporary magnet 
by induction from the earth ; yet I am not aware tiiat ever any par- 
ticular action has been discovered between two pieces of iron, ^or 
instance, they will not, that I am aware, attract and give direetion to 
the Ughtest and most freely suspended needle of soft iron or 
unmagnetised steel." In another part of his valuable work, he atatea 
distinctiy, that if iron were really polarized, and acted magnetieallj 
on other iron, then would his theory of compass eorreetion be 
inadmissable. 

{ 62. We are taught to believe, that terrestrial gravitation if 
greatest at the earth's surface, and at the earth's cen& = 0. Our 
experiments on inductive terrestrial magnetism lead us to infiar, 
that the induced magnetic poles of an iron sphere, and their 
attractive or repulsive forces, would be found on tne sui^^iee of tfaa 
sphere, and not at the centre, as assumed by Barlow and othera. 
We actually find that such is the case, when we apply a test compaaa. 
either within or without a hollow iron sphere ; or even to a cnbieal 
iron tank or other vesseL An iron disc recommended for couniar^ 
acting the local attraction of wooden ships, if placed with its plana ia 
a veracal position, and parallel to the plane of the magnetfe 
meridian, its induced poles would be fonnd in England at the 
circumference of the disc, and on a line parallel to the direction ai 

* Verj intenftinff; tiie entob dMond oltfeetlonaUa: when nmortd, th* Oompui mun 
MVOMBMd 98 par omtl 
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the dip. Bat wben we change the position of the dise, and place itfl 
plane in an east and west position, at right angles to the dip, its 
induced magnetism and polarity appear to hare vanished altogether ; 
and that its magnetic poles have vanished. This is, however, a 
fallacy; there is just as much induced magnetism in the disc as ever, 
hut its induced poles are now to be found, if I may he allowed to use 
Mr. Barlow's words, *' indefinitely near to each other." 

For the sake of further illustration, let us suppose our circular 
disc to be 18 inches in diameter, and half an inch thick ; then in its 
vertical and north and south position, its induced poles would be 18 
inches apart ; but when its plane is placed at right-angles to the dip, 
the induced poles of the disc would be only \ inch apart. A thin 
disc of iron, although it might be placed in one latitude to correct a 
ship's compass from upright local attraction, would not in the same 
position correct it in another latitude. An iron sphere would be a 
better machine to accomplish such an object, since its induced poles 
would always be a diameter asunder. 

I applied a cast iron hollow sphere (13 inch shell), in an attempt 
to correct or partially cancel the upright deviations in the Becruit, 
and the reader, in looking back to j 68, wiU see that about three- 
fourths of the errors were reduced. The sphere, however, could not 
correct or cancel the change of polarity in the ship, arising from her 
inclination or rolling ; because the table shews clearly, that the north 
point of the compass-needle was drawn to leeward ; whereas in the 
sphere, no change would be apparent on either side. An iron sphere 
at the magnetic equator would have its induced poles at a diameter 
apart, and horizontally north and south of each other, although 
turning constantly round any axis whatever. I have found such to 
be the case experimentally ; and therefore it is not strictiy true, 
that the local attraction of a ship's iron " vanishes at the magnetic 
equator." Its effect on the compass diminishes, but does not entirely 
vanish. The polarity of the iron and the pointing of the compass 
have a tendency to the same direction ; but if any master or mate of 
a merchant vessel, having an iron tiller, or iron spindle of steering 
wheel, be placed in a horizontal direction will place a compass either 
east or west from the ends of such spindle or tiller, when the ship is 
steering a northerly or southerly course near the equator, he will 
soon be convinced that horizontal iron acts far more powerfully there * 
on a compass, than it would do any where else on the globe. 

Many ^ips have iron transoms, and other heavy fastenings about 
the stem, that may correct or derange a compass in the binnacle. 
In some of our sloops of war, fitted witii iron transoms, life buoy 
irons, (fee, when the standard compasses have been fitted abaft the 
wheel, I have found that the small quantities of iron abaft have 
more than counteracted the action of the ship and her contents 
lying before the compass. In such vessels, the actuid deviation 
seldom exceeds ^ or | of a point. The Racers Ranger^ Pantaloon, 
and Heroine are examples of wooden vessels in which the deviations 
were very small, and me attractions towards their stems. 

It is evident, then, that when a ship's compass is placed in the 
bizmadei in a fitting and convenient position, and. t;^iaa^4 ^{^ V^acv^ 
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errors arising from the local attraction of the ship's iron, it wonld 
he an easy matter to cancel these errors hy iron alone, and without 
ma^ets of a permanent kind. A har or holt of iron, or a hollow 
tnhe of iron, wUl, by position, act in every respect npon a compass- 
needle as a magnet, and may ho applied to correct a ship's oompass, 
according to the rales which Mr. Aiiy gave for adjusting compasses 
hy magnets. Iron holts, hars, or tuhes, if placed in an upright 
position, in an upright ship, wonld continae in an upright position 
as the ship turned round on the water. The iron would remain at 
a constant angle with the dipy and exhihit a constant amount of 
magnetism as the ship was swung round, and would exert a perma- 
nent magnetic intensity on the compass, so long as the ship 
continued in the same latitude. Should the ship change her geo- 
graphical position, the correcting hars wonld undergo the same kind 
of change as the iron in the vessel ; and if the oorreotion did not 
actually remain perfect in aU parts of the world, at all events, a 
deviation compass would shew any changes that might take place.* 
Permanent magnets, applied to correct variable disturhing forces, 
are now known to have double compass errors in some ships that 
have passed from one hemisphere to another. 

§ 63. Although the accidental and unpremeditated arrangement, or 
stowage of some ships may have placed the metals in such quantities 
or relative positions, that the binnacle compass has exhibited no 
errors in an upright position ; it might turn out, that an inclination 
of the vessel might cause its compass to depart from the correct 
magnetic meridian. This kind of error may, when once ascertained 
bv trial, be corrected by soft iron. A Pendulous apparatus (j54), 
although inconvenient, might accomplish that object, by being made 
to hang like a barometer, either over or under the compass, so that, 
as the ship inclined, the upper or lower end mi^ht pass Arom one 
side of the compass to the other, and exert a counteracting magnet- 
ism to that of the ship. This plan, although it appeared to afford 
pleasure and satisfaction to the Lords of the Admiralty, when they 
witnessed its success, is imperfect, and would be very unsatiafisctory 
in stormy weather. The inclination errors and magnetic oscillationa 
of tiie compass are easily got over, if the binnacle compass he con- 
veniently placed to admit of one bar of iron being placed directly 
under it, when the north point of the compass-needle is drawn 
towards the lee side, as was the case in the Recruit. 

On looHng back to § 25tjig8. 7 and 8, the reader will observe, 
that the magnetism of the guns drew the north point of the needle 
to leeward, and that opposite guns did not cancel errors, but donhled 
them. In the Becruitj her guns, when secured in their porta, acted 
magnetically to combine with her iron sides in causmg in^Hi^A 
deviations in the same direction. If a beam had been directly under 
the RecrviVa compass, to which an iron bar of three or four feet in 
length could have been secured, with its centre directly under the 
compass,t the polarity of the bar would have passed from end to end, 

* The deriation oompaas needle paises throagh twice the arc of the deviatiaa of die main 
needle, and far that vesson alone it can only be uied on board ahlp In smooth water. W.W* 

* It has hem cald, that if a mam of iron be directly under a eompan, Ita dlstuxtdiig ftm* 
an a»e c<mipa» will ranish. ** P vaidiihet ifthe miu oCVronbeexaette bdow tfa«( 

Tbiitdammi^ BeeoUect that the ReeraiVtYteunk^vinv^^^w^ 
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as the ship rolled or inclined (like an air babble in a spirit level), 
the highest end of the bar counteracting exactly the magnetism of 
the lee side of the ship, and vice versa. 

There are-, however, some iron ships with iron beams, in which the 
north point of the compass is drawn to windivard instead of to 
leeward ; and in such vessels two transverse bars of iron would be 
required for correcting or cancelling inclination deviations : lor let 
an horizontal bar be placed athwartships on each side of the compass, 
it will be evident to the reader, that such an arrangement would 
produce an effect directly opposite to that of a single bar, with its 
centre directly under a compass. 

In order to adjust a ship's compass, its errors must first be ascer- 
tained in an upright position, on each point, with everything in its 
place secured for sea service ; care being taken that a Une be drawn 
from " lubber's point " in the compass bowl to the pivot of the com- 
pass-card be parallel to the ship's keel. Let the ship's head be 
placed in the direction of the correct magnetic meridian, and if the 
north point be attached to starboard or port, let this deviation (which 
is generally very small), be corrected by a bar or bolt of soft iron, to 
he secured in a vertical position abreast of the compass, and not too 
close to it. The errors at north and south being cancelled, let the 
ship's head be placed in an east and west direction, where the errors 
are generally greatest. These errors may be corrected by another 
but larger bar, bolt, or tube* of soft iron, placed in a vertical position, 
either directly before or abaft the centre of the compass-card. 
Should the deviations be easterly, with the ship's head at east, the 
correcting iron should be fixed abaft the compass, with its upper 
end on a level with the plane of the compass-card ; or, if more con- 
venient and practicable, the iron might be placed in a vertical 
position before the compass, with its lower end on a level with the 
plane of the compass-card. One precaution is most essential, the iron 
should be large enough to control the compass-errors by the induced 
polarity it receives from the earth ; for, il small, a powerlul compass- 
needle would not be under suflicient control of the induced iron 
magnet. In all probability, pieces of iron about twice the weight 
and dimensions of the artificial magnets now used for correcting 
compasses would be sufficientiy powerful. In iron ships, there are 
sometimes vertical pillars placed for supporting the decks : these 
supports might be turned to good account as correctors of compass 
deviations. This process is simple, inexpensive, and without ribk ; 
and should errors be found at N.E., S.E., S.W., or N.W., alittie box 
of nails or an iron chain should be applied in the way recommended 
by Mr. Airy, and pursued by those who have been familiar vrith the 
process of adjusting ships' compasses by artificial ''permanent 
magnets." 

When the process above described has been gone through, the 
ship should be heeled by water casks, coals, stones, sand, or any- 
thing not magnetic ; and her keel placed in the direction of the 
correct magnetic meridian. If an iron vessel, it will be found that 

* A cjUndtieal tube of given dlmeiulans will act magnetically aa poverftil •• a Mlid 
Iwlt of tbt MOW ^imcnriopi saA d«i«riptioa gf metal. 
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the compass is considerably in error, withoat the ap^eaiion of oos 
or two bars of soft iron, placed athwartships in a direction paratieL 
to the ship's heam, and directly abreast of the centre of tiie (xnnpass. 
Two bars will be required, when it is found that the north point fd 
the compass-needle has been attracted by the weather or hi^est 
side of the ship in her inclined position ; and a single bar, wiu its 
centre directly under the compass, when the attraction of the venel 
is the other way. These bars being skilfully placed, so as to make 
the compass correct with the ship's head at north or soutii, with an 
inclination say = 8° to each side ; then by swinging the ship round 
to east or west, the compass will be found sensibly correct. If the 
ship's head be brought back again to north or south, and held steadily 
in the direction of the magnetic meridian, the ship may be gra- 
dually trimmed to an upright position ; and it during this operation 
the compass be found correct, no further process will be necessary. 

We have said, that ships' compasses are sometimes made correct 
by accident ; it is surely desirable to accomplish our object by intm- 
tion, and by means of tlie same kind of materials which derange tiie 
free action of a ship's compass. A deviation compass shews in 
smooth water those parts in ships where there are no errors, and we 
have endeavoured to shew, that we may obtain an equation, or aero 
point of no disturbance, by an addition or transposition of the metals 
in a vessel, with almost as much certainty as an algebraist forms an 
equation, when he clearly understands the nature of his proposition, 
or thing to be worked out. 

§ 64. I have now before me about half a score of printed pamphlets 
on great circle sailing and compass deviations, in wood and in iron 
ships, containing rules and metJiods for correcting compasa errors, 
and instructions for navigators for making the quickest passages 
across the ocean. The authors of these productions have been 
generally without much practical knowledge of navigation, or expe- 
rience at sea ; and their works have tended more to bewilder than 
enlighten mariners of ordinary capacities and common sense. It is 
probably, on this account, that the Lords of the Admiralty have 
simply ordered that magnetism in ships and compass deviations be 
inserted in the Examination Sheets at the Royal Naval College, 
Portsmouth, and that the magnetism of ships' and the marinen* 
compass, should be a subject of instruction in the navigation school 
of the college at Greenwich. 

The superior officers of the marine department of the Board of 
Trade, have likewise inserted in the Examination papers, required 
under the mercantile marine act, a problem or explanation, requir- 
ing masters under examination to explain their views of compass 
deviations ; how it may be found, and how it should be applied in 
correcting a ship's compass course, and those masters who vnlnn- 
tarily oiler themselves for voluntary examination for the display of 
supericr abilities^ are also reqnired to explain the nature of great 
circle sailing without going into the calculations thereof. Here I 
may mention (parenthetically), that Nautical Astronomy, Education, 
and Theoretical Navigation at Liverpool suddenly sufiered a terrible 
poUapee ; for during the five years that ypluntar^ exuQinfttioti «{ 
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inasten and mfttes went on, and when certificates of competency were 
issued by the locid examiners, assisted by teachers^ almost every 
one examined at Liverpool obtained a first class certificate, or an 
extra first class certificate 1 Strange to say, no sooner had the act 
passed for compulsory examinationB, when it was fonnd that the 
mariners of Liverpool were very much on a par with the other 
"Mariners of England." The first Official Mercantile Marine 
Navy Lists exhibit the superiority of the Liverpool masters and 
mates during the above mentioned short period, and the sudden 
change that took place in 1850. 

As regards the advantage deriveable firom the knowledge of great 
circle sailing, it amounts just to this, — ^when the compass bearing of 
the port of destination is daily inserted in the ship's log book, by 
mercator's sailing and also by great circle sailing, it is at once seen 
how the ship should be steered when the wind is fair ; and on what 
tack she should stand when the wind is not fair ; for everybody knows 
that a ship should take the nearest road to her place of destination 
when other circumstances admit her to do so. Now the great circle 
road is shorter than the mercator's road across the ocean ; Ihe last 
is curved, the first is " as the crow flies." 

Having commented abundantly on the inductive magnetism of 
iron and iron ships, and mentioned the different drugs that compass 
doctors and pamphleteers would prescribe for the cure of compass 
errors, and rectification of tables of deviation, when ships pass from. 
one magnetic latitude to another, I shall conclude with a few remarks 
on the necessity of navigators giving their best attention to the 
amplitudes and azimuths they are required to solve on their 
examination sheets, before they obtain their certificates of compe- 
tency. As a practical navigator of some experience, I never re- 
quired a table of compass deviations for general use, and I. still 
regard the numerous brochures, circulated gratuitously, or sold 
dearly, as likely to puzzle seamen of ordinary abilities, and divert 
them* from more important matters contained in their ** Epitome's," 
such as that of the lamented " Kaper," whose book contams almost 
every thing that a navigator requires. 

Ist. On every clear day at sea, and from sun rise to sun set, three 
celestial observations may be made to determine the error or cor- 
rection that the mariners' compass may require for correcting the 
course the ship is steering at the time of observation, and without 
any computation at all. 

The sun's observed amplitude at sun rise or sun set* (when the 
binnacle or standard compass is used,) has only to be compared with 
the sun's true amplitude to be taken out of a "table of ampli- 
tudes " opposite to the ship's latitude in, and the sun's declination 
for the time of observation ; of course the difierence between the 
sun's true beaiing and his compass bearing, at rising or setting, is 
the correction for the course on which the ship is steering at the 
instant of observation ; and in the correction so easily obtained, we 
always have the variation properly called, and the deviation caused 
by the ship's local attraction combined : whether the ship be per* 
iMtty ppright or b^eliog and«r (WAtm* 
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When the nm ii on the meridian at noon, he he«ni N. or B., and 
the difference between the son's true bearing and his compan hew* 
ing, is always the compass correction, fbr the point the sup's head 
is on, when the sun is on the meridian. 

2nd. An altitude of the son, taken to find the longitude bj 
chronometer, and the azimnth or snn's compass bearing, may be 
computed simultaneoasly, and by the same data, and at the same 
opening of the Ifntome ; the apparent time at ship (hour an^}, 
and son's tme azimoth, may be obtained in the nsnal daily process 
at sea of " taking sights," that is to say, the longitude by chro- 
nometer, and also the correction of the compass course is obtained 
at the time of observation, whether the ship be perfectly upright or 
inclining under canvas, and found correctly by a single process! 

Azimoths for compass errors and " sights" for the (uironometers 
should be taken two or three hours before noon, or after noon, and 
I am now to prove Uiat a single observation may answer for a double 
purpose, with very little labour, whenever the sun's compass bearing 
18 taken, and his altitude is taken for obtaining his hour angle, and 
consequent time from noon, for determining the ship's longitude 
by chronometer. 

Example: — A ship being in latitude 6(P 0" N., when the sun's 
declination was 20^ 0' S. Observed the true altitude of the sun, 14" 
0'. The bearing of the sun's centre being noted at the same tune. 
Bequired the apparent time from noon, and the sun's true asimnth. 

SOLUTIONS. 

FOB HOUR ANGLE. FOB AZIMUTB. 

o / 

Polar distuiee 110 

LaUtad« M See. OJMaBI 

Altitwte 14 See. ...... 04)18001 



AlUtade 14 

LaUtnde fiO Sw 0.191888 

Polar diit. 110 OCoieewst.... 0.087014 



Sum •.»••. 174 



flalfSum 87 Cos 8.178800 

Bemainder 78 Sin 9.930596 

h. m . 8. ■ 

Hr. aDjgle S 13 £0 Sine 8<tuaKd 8.918343 
appt.ttaie\ 



Sinn 174 

Half Bum 87 Cos. SjnnaO 

Difference 83 Coi. a.98M« 

at ship |9 46 10 

Here it is manifest that a single observation answers a double 
purpose. The same data in an inverted order, enables us to obtain 
the longitude by the chronometer, and the actual coirection for the 
compass course the ship is steering at the time, the sun's oompaas 
beanug is taken. 

If the above observation had been made in the chops of our 
channel, near Scilly, where the variation is known to be 25° westerly, 
and if the ship was a wooden one, without any local attraction, the 
sun's compass bearing in altitude would have been found S 7^ 18^ 
30" E. at 9 46 10 a.m. 

If the observation had been made in the iron sloop of war MecFuUf 
which had been swung in three positions, (sec. 58) where the errors 
of her compass are recorded, the sun's compass bearings would 
have been exceeding complicated, and would have puzzled even a 
*' Philadelphia Lawyer instead of Captain Slade and the officers of 
the brig." The iron sided and wooden beamed brig would hare ha4 
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ft.new esna for eyery course and every degree of ineHnatioa under 
gail, but an asdmntii computed as above would have given the com* 
pass correction on any course whatever. 

As the Becruit'8 deviations are inserted in (sec. 68), a~ tabular 
form, those who may have any doubts about the above results, may 
make the ealoulations and satisfy themselves. Although the com- 
mander of the Becruit was ordered to use and be guided by the 
upright deviatum table famished by the Superintendent of Her 
Majesty's Compass Department, it was not without sufficient cause 
he had no confidence in it, after being at sea in the brig in a dense 
fog in the English channel. 

I have said that I look upon the numerous pamphlets on compass 
deviations with dis-favour ; they are, genersJly speaking, not needed 
by those who know how to And their compass errors by celestial 
observations. The masters of our coasters and of our home trade 
passenger ships, idthough good seamen, good pilots, and prudent 
men, are generally not navigators. 

In closing my remarks, I will mention that Mr. Burdwood, master, 
B.N., of the Hydrographic department at the Admiralty, has computed 
tables of the sun's true bearing in altitude, which might prove of 
much use to masters of coasters, and of home trade ships, because 
they might, by means of the tables, get the sun's true bearing from 
latitude 49 to 52 north, and by taking the sun's compass bearings, 
obtain the error of their compass courses. It should, however, be 
borne in mind that the time required for using the tables, should be 
the sea or sun time, and not Greenwich time, now so commonly in 
use on town clocks and pocket watches. 

Mr. Burdwood will be pleased to see that the example of azimuth 
I have worked out on assumed data, agrees exactiy with the result 
obtained by using his table for latitude 50°, and the time from noon 
as found in the example I have given. 

g 65. The officers of our mercantile marine are now required to 
understand the nature of a ship's local attraction ; how it may be 
found ; and when found they should know how to correct their rec- 
konings by it. If young men, desirous of being proficients in the 
art of navigation, will carefidly read over the remarks we have 
roughly stnm^ together for their benefit, and make the experiments 
we have described, with a ship's or boat's compass, and a piece of 
iron out of the carpenter's chest or locker, they will thereby acquire 
useful information relative to the errors of compasses ; and, also, as 
to how cargoes of iron should be stowed, in order to lessen the dan- 
gers arising from carrying ship loads of iron or machinery. 

A few practical hints may be profitably placed in a condensed 
form, and in such language as may be understood by seamen gener- 
ally ; or by any one who has read the foregoing essay, and acqiiired 
some practical knowledge of keeping a ship's reckoning. at sea: I 
mean that dead reckoning which is dependent upon recorded com- 
pass courses, log-line distances, and judgment allowances, carefully 
made for each course on the log slate, for lee-way, lulls of wind, 
heave of the sea, or bad steering. It is in this that the art of navi- 
gation consists. An expert schoolmaster might easily find the posi- 



tion of A Bhip, when the Bun, moon, stan, or planets are Tiflble ; 
bnt to keep good dead reckonings for two or three days, or to ahape 
correct conrs^s, and stAor clear of danger in dark nights, fog, and 
drizzle, is qnfte another thing. 

The experience of half a centary has firmly eonvinced me, that 
sufficient attention is not paid to the elementary principles of a 
common day's work. I have found gentlemen proud of Imowing 
how to clear a lunar distance, or work a douhle altitude ; and yet 
knew not how to correct the compass course for lee-way, doTiation, 
and variation ; and who never saw an azimuth oompasa in a mer- 
chant shin. 

The following practical hints are thrown out for the benefit of 
mariners generally : — 

1 St. Sinee one powerfU compass-needle, at a distance of two feet 
from another of the same kind, will produce an error in each eompasM 
of four degrees, it is therefore prudent and proper to have only one 
compass in a ship's hinnacle. 

2nd. In order to avoid unequal attractions of iron ouarter davits, 
iron knees, and holts at the sides of the ship, let the oinnade com- 
pass he placed on a midship fore and aft line. 

8rd. See that the luhber's point in your compass-bowl, and the 
upright pivot for the card, are in a line with the ship's stem and 
stem -post ; and prove this hy stretching a thread over them, in an 
exact fore and aft direction. 

4th. Take care that no iron of any kind he near your compass, 
either on the deck or under it; for arms are sometimes stowed 
below, and cabin stoves and funnels, with iron linings, are some- 
times too near to the steering compass. 

5th. The binnacle compass being the helmsman's guide, it is sel- 
dom convenient for taking bearings of distant objects. Compaaaes 
placed in different parts of the same ship, point in different direc- 
tions, and have different errors for the same course : consequently 
a bearing, amplitude, or szimuth taken on a ship's gangway or 
forecastie, may be very different from observations made on the 
quarter deck. It is, therefore, necessary that all bearings taken, 
observations made, and courses shaped and recorded, should be 
made by a good instrument, at one convenient place on a ship's 
upper deck, on amidship fore and aft line, where the deviations are 
small, or equal to nothing ; or where it may be convenient to cor- 
rect a compass by iron alone. A eompass of this kind is called a 
standard compass, by reason of its permanent position. It may be 
filed on the top of a permanent pillar, or on a tripod made to ship 
and unship, for greater convenience. 

6th. The standard compass, when in its proper place, should bo 
high enough to admit of bearings being taken, and amplitudes ob- 
served, over the sides of the vessel. The compass-needle shoi^d be 
powerftil and yet steady in a sea-way. The card should be an azimuth 
card, with a deviation apparatus over it, to indicate any errors that 
might be induced by unforeseen circumstances. The deviation atyU 
facUitates the taking of bearings ; and by its shadow the sun's am* 
pJitnde, or heaimgi in a2simuth, are conveniently read off on fh« 
compaaa-card. 
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7th. When a ship is steering a given coarse, and an amplitude or 
szimnth is taken and worked ont, we find the difference between the 
^nn's true bearing, and his bearing by the compass we nsed at the 
time. Now this difference we call the variation, when in point of 
iklct the ship's local attraction is involved with it. 

What we really obtain, is a correction to be applied to the course ike 
ship is steering by the compass toe use in makmg onr observations ; 
and the resnlt we obtain may be the sum or difference of the compass 
deviation on that course, and the variation properly so called in that 
particular place. 

All that the navigator has to do, is to apply the result of his 
observations to correct the course steered at the time, as if it were 
variation^ and nothing else.* 

Sth. The magnetism of a ship and the errors of her compass 
undergo changes as she passes from one latitude to another; in- 
creasing or diminishing with the dip, and changing in character and 
quantity as the ship passes out of one magnetic hemisphere into 
another: and since iron takes up magnetism in less time than it 
parts with it, a portion of time will be required to develope fully the 
compass deviations of a ship, after moving rapidly from one mag- 
netic dip to another. 

9th. Since the magnetism of ships and the errors of their com- 
passes are found to be variable quantities, as the ships move from 
place to place ; to permanently correct these variable quantities, by 
means of magnetic steel bars, assumed to possess permanent mag- 
netism, appears to be impossible. But to apply, for the purpose of 
correction, the same kind of metals to correct, as the metals that 
disturb or derange, is not inconsistent with inductive reasoning, 
experience, or common sense. 

10th. Prudence and precaution require, that mariners should use 
all available means for determining tiie errors of their compass at 
Bea, or in an anchorage ; and since these means are generiJly attain- 
able, we shall notice some of them, 

11th. Whenever a ship anchors, or is becalmed, where some fixed 
object is easily seen at a distance of eight or ten miles, its compasa 
bearing should be noted, as well as the direction of the ship's head. 
Write down the points of the compass, and as the ship swings by 
wind or tide from one point to another, write down the compass 
bearing of the distant object, opposite to the direction of the ship's 
head. If the compass be in error, the bearings of the distant object 
¥rill vary, as the ship swings from point to point. As the ship swings 
round, there will be two nearly opposite points of the compass on 
which the bearings of the distant object agree ; and these two points 
give the correct magnetic bearing of the object, and the points upon 
which there is no compass error. Two other points wiU be found, 
in a table so filled up — and nearly opposite points — where the 

* In the olden times, before Tsriation charts were drawn, and eorapass derlationi demoo-- 
^teat ed, azimuth eompaues were in general use : bat now Uiere is not one merehant ship int' 
mtj that carries an azimuth compass How then can observations be made ? Far better 
vonld it be that diips were supplied with three or (bur good instruments, than with half a 
dozen erroneoos and imperfect compasses, requiring constant repair and re-toudiing, and in 
volvlng endlflM ( 
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1>6arings of the distant object greatly differ I Now the differenesi 
between the correct magnetic bearing, and tiie incorrect beaiingB OB. 
•other compass points will give the deviation on these points. 

This is an easy and pretty correct way of finding a ship's compaas 
deviations at anchor, when a ship is sapplied with a proper eovv^iam 
for the purpose. The true bearing of a distant olgect may he foimd 
by measnring, with a quadrant, its anguLir distance with the rising 
or setting sun. The sun's correct bearing, at rising or setting, is at 
once obtained from a table of amplitudes ; and hence the tme beac^ 
ing of anyvisible object is easily found. 

12th. when a ship is at sea, we have shewn that, in amplitude and 
admuth calculations, the variation and deviations are inyolved. 
When the sun is on the meridian, he bears true north or south, and 
a compass bearing of him at that time will give the variation and 
deviation combined, and consequently the correction for the ship's 
course at the time. 

In taking a sight for the chronometer, the sun's compass bearing 
should be noted; as the a^ht might be used for finding the hour 
angle, and azimuth together. Because in both solutions, the Latitude^ 
Altitude, and Polar Distance are required, and by solving both 
problems by the same opening of the book, the hour angle and 
liongitude is found, and also the sun's bearing in azimuth and com- 
pass bearing give the compass error on the course steered at the 
time of observation, and whether the vessel be upright or iriftlinlng 
nnder sail. We have ^ven an example of the process. 

In our hemisphere, tne North Pole star bears nearly due north ; 
and its compass bearing will, therefore, give the variation and devi- 
ations combined. 

There is another method whereby we may easily find out, at se8» 
if our binnacle compass be in error. In beating to windward, with. 
northerly or southerly winds, it sometimes appears that the ahip, 
after tacking, must either have been off the wind, or else a change of 
wind, has taken place : " She lay W. \ S, on the other tack, and now 
she is only E. ^ S." On other occasions, in working to windward^ 
the ship appears to be within 4^ points of the wind. All this 
indicates compass deviation. The wind had not changed; it was 
the compass pointing that changed, as the ship tacked from west t» 
oast. 

13th. In iron sailing vessels, the compass errors are very great near 
the ends and sides of the ships, and least of all on a rore and aft 
midship line, near the middle of the vessels' length. When an iron. 
sailing ship's head is at east, a compass near the stem almost always 
exhibits westerly deviation ;* whilst another compass placed forwaxd 
would shew an easterly deviation ; both ends of sharp ship's attrac- 
ting the north point of the compass on easterly and westerly courses. 
In such vessels, the standard compass should be fixed between thesft 
extremes, where the deviation is inconsiderable, or may be reduoed 
by artificial means. The standard compass should be on tiie devia- 
tion compass principle, in order to indicate changes, should anjf 

• Westedj deriation in nortli magnetio latitode, and easterly deviatiflo bj a conpaai UMm 
■the bow. 
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take place by inclination or otherwise ; and also for conveniently 
taking amplitudes or azimnths. 

14th. To an iron steam-ship's hnll, there is snper-added innt 
engines, boilers, and ftmnel, fixed near the middle of the vesseL 
Kow, the magnetism of the iron em2s of the ship is counteracted 
to some extent, by the machinery and middle parts of the vessel ; 
and somewhere between the stem-post and ftmnel, and on a fore and 
aft line on the upper deck, a place may be found where the compass 
deviation is ml, or nearly so. There a standard compass should be 
fixed. In iron steamers, a compass may be placed fcurther aft than 
an an iron sailing vessel of the same form and magnitude. 

In H.M. iron steamer Dover, the deviation of her standard con^ 
pass at west was only 5° 30' E. It would have been less if the com> 
pass had been a little further forward. 

In H.M. iron steamer Trident, the deviation at west was 17*^ W. ; 
and in this ship, a compass nearer the stem would have had less 
deviation — or even no deviation at all. 

In H.M. late iron steamer Mrienhead, the deviation of her standard 
compass at west was 12^ 10' easterly ; and here the stem and after 
parts of the ship had the magnetic mastery over the engines, boilers, 
iimnel, and everything else. If the Birkenhead's compass had heeaa. 
placed ftirther forward, her deviations would have been reduced, or 
cancelled altogether.* 

From the foregoing detail of " facts and figures," we may conclude, 
that in all ships whatever, there may be found a position for a 
standard compass better than any other ; and that with a little skill, 
a large share of common sense, and practical experience, such a 
position may be found. 

• The Birkenhead ran on a sunken (Sec. 68.) rock, off Pcdnt Danger, (diaoovered by tb» 
Author,) the iron ship broke diteotlT across, in the direction of a water-tlgfat Bullchead, awi 
in the direction of the rivet perforations made from side to side. Her iron frame broke like 
postage stamp paper, and exactly on the same principles I7ear\y all hands perished. W. W. 
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